


Subject: Progress Report, Comparative F i e l d  Tests  on Suspended Sediment 
Samplers 

To: The Interdepartmental Comnittee on "Stucly of Methods Used i i ~  Meas- 
uremeiit a ~ d  Analysis of Secliment Loads i n  Streams, " Vashington, 
3. C. 

1. The Comi t t e e  i n  sess ion i n  IITashington, D, C. , 3 J u . 1 ~  1942, took 
ac t ion  to inaugurate f i e l d  t e s t s  on the e q e r i n e n t a l  nodels of the  depth- and 
point - in tegra t ing sedinent samglers, US D-43 and P-43, developed under the 
cooperative p r o j e c t ,  to determine t h e i r  p r a c t i c a b i l i t y  and accxracy i n  rela-  
t i o n  to  other sanplers  i n  current  use. Tlie r e s u l t s  of the t e s t s  reported by 
f i e l d  o f f i c e s  of the cooperating agencies p r i o r  t o  28 March 1944 were pre- 
sented to  the Cornmittea assenkled oil tha t  date i n  !!ashiiigton, D. C., i n  re- 
?or t s  ei l t i  t l e d ,  I1Progress Report on the Development of tho  Point-Integrat ing 
Scdi:fient Sampler and F ie ld  Tests  by Cooperating Ageacics, by % a r t i n  E. Xel- 
soil, a i d  nPreliminary F ie ld  Tests  of the US Sedinent-Sm;l?liiig Equipment i n  
the color ad^ River Basin," by P. C. Bcnedict. 

2. I n  accordance with the i n s t r u c t i o n s  given by the Committee 28 ;.larch 
1944, the u ~ l d e ~ s i g n e d  have reviewed the repor t s  on comparative t e s t s  on sus- 
pended sedinent samplers t h a t  have been submitted. subsequently by f i e l d  o f f i c e s  
of the  cooperating agencies. The d a t a  obtained i n  the comparative t e s t s ,  the  
s m p l i n g  methods used, and the  p reva i l ing  stream conditions have been analyzed 
and, i n  tho l i g h t  of t h i s  ia forxat io i i ,  t e n t a t i v e  s,w.pliag coef f i c ien t s  of 
various extant  sedinent samplers i n  respect  t o  the US 3-43 and P-43 s q 3 l e r s  
have been determined. The analyses and discussions of the f i e l d  repor t s  a re  
presented i n  the accomyaiying j o i n t  repor t  e i i t i t l ed ,  ffProgress Report,  Com- 
pa ra t ive  F i e l d  Tests on Suspeaded SeGiment Samplers, December 1944." The 
comments, c r i t i c i sms ,  and suggestions f o r  improvements i n  clesign submitted 
respecting the D-43 and P-43 sanplers  a re  a l so  discussed. Conclusions d r a m  
from t h i s  study and recommendations a s  to  f u r t h e r  developmects t h a t  might be 
undertaken by the Committee e re  swnmarized i n  the j o i n t  progress report .  

3, A s  d i rec ted  i n  the minutes of the  March 1944 meetisg, r epor t s  of 
the f i e l d  agencies are  a t tached to the j o i n t  repor t  i n  t h i r t e e n  appendices 
e s s e n t i a l l y  i n  the form i n  which they vere submitted, Should the  Committee 
decide to  d i s t r i b u t e  the j o i n t  r epor t  to  f ield-  o f f i c e s  and personnel of the  
cooperating agencies, i t  i s  suggested t h a t  the appendices be omitted, because 
i t  i s  believed t h a t  adequate d a t a  have been i3cluded and t h a t  the discussions 
a r e  s u f f i c i e n t l y  c l e a r  t o  support the j o i n t  repor t  without the excessive bulk 
e n t a i l e d  by the f i e l d  reports .  Furthermore, copies of the f i c l d  repor t s  can 
be made avail-able to anyone who i s  i n t e r e s t e d  i n  making aa independent study 
of the  da ta  and comments included i n  them, 
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The study of "Methods Used i n  Measurement and Analysis of Sediment Loads 
i n  Streams," inaugurated i n  1939 under the sponsorship of the Tennessee Val- 
ley Authority, Corps of Engineers, Department of Agriculture, Geological Sur- 
vey, Bureau of Reclamation, and Office of Indian Affairs, i n  cooperation t~.rith 
the Iowa I n s t i t u t e  of Hydraulic Research, has l e d  to the development of in- 
proved equipment for  sampling suspended fl.uvia1 sediment. Xxperimental models 
of dep th-integrating and point-integrating sediment samplers, designated 
US D-43 and P-43 sediment smple r s ,  respectively,  were completed i n  1943, 
Both s f  the eq3erimentd models a d  several duplicates of the D.43 sampler 
have subsequently been subjected to t e s t s  under prac t ica l  f i e l d  conditions 
alongside of and i n  com-ps.risom with other sediment sarplers  i n  current use 
to determine the prac t icab i l i ty  of the new samplers and to determine t h e i r  
srmpling accuracy with respect to others. The comparative t e s t  data sub- 
mitted i n  reports  by th i r teen f i e l d  of f ices  have been analyzed i n  t h i s  re- 
port. Tne r e su l t s  of the t e s t s ,  conclusions, and recommendations respecting 
further development of sampling equipment as indicated by the f i e l d  repor t s  
are discussed. 

I n  general, present models of the US 1243 and P-43 samplers proved to  
be sa t i s fac tory  fo r  average stream conditions. Some modifications are  indi- 
cated to s a t i s f y  extremes of depth aild velocity,  The efficiency of many of 
the ?resent sm-plers compares favorably with the improved instruments then 
streax ve loc i t ies  and sediment concentrations are low and uniformly d i s t r i -  
buted with respect to depth and where the sediment p a r t i c l e s  are f i ne ly  
divided, Howevcr , under contrasting sampling conditions, r e su l t s  obtained 
with o tlier types of samplers show considerable d i spar i ty  t.ri  t h  respect to 
those obtained with the 3-43 and P-43 samplers. In  soine fnstznces, t h i s  
dispar i ty  r e su l t s  i n  p a r t  from the f a c t  tha t  the methods of sampling used 
.rere not conducive to accurate determination of the sediment concentration 
i n  a stream ver t ica l .  The study reveals the necessity for  staadardization 
of sam;ol-ing equipment md  fo r  iiiiprovement of sanpling methods now i n  current 
use, and indicates that  trith some mod-ifications is: design the US s,mplers 
together with the methods adopted for  t h e i r  use w i l l  5e found acceptable and 
practicable f o x  dl conditions cancountered i n  fluvi;J sediment sm2ling,  
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CONPARATIVE FIELD TESTS ON SUSPENDED SEDITGNT SAWL2XRS 

I. INTRODUCTION 

1. Authority an& purpose--The Federal cooperative project  for  investi-  
gat ing sediment sampling equipment and technique, i n i t i a t e d  i n  1939 under 
the sponsorship of the Corps of Engineers, Geological Survey, Bureau of 
Eeclamation, Of'fice of Indian Affairs ,  Tennessee Valley Autnori ty ,  and De- 
partment of Agriculture, i n  collaboration v r i  th the 1 0 ~ 7 8  I n s t i t u t e  of Hytrrau- 
l i c  Research, has resulted i n  the development of two new t y p s  of suspeaded 
sediment samplers, one a point-integrating and the other a depth-integrati~zg 
saiipler. The point-integrating sampler, designated US P-43 sediment sa,sples, 
i s  d-esigxed t o  col lect  a representative sample of the suspended sediment 
load i n  t r ans i t  pas t  a chosen point i n  a stream during a short  in terval  of 
time. The depth-integrating sampler, designated US P 4 3  sediment sampler, 
i s  designed t o  col lect  a represent2,tive s C q l e  of the suspended sedimeilt 
load passing a ver t ica l  section i n  a stream during a short in te rva l  of time. 
The US P-43 and D-43 samplers a re  i l l u s t r a t e d  i n  the f ront ispiece of t h i s  
report  aid i n  Figs. 6 and 7, respectively. 

A t  the meeting hell! i n  ?lashii~gto?z, 9). C. , on 3 July 1942, the Inter-  
de~artmental  Committee res~yonsible fo r  t h i s  project  considered that  the 
laboratory development of the improved sediment samplers had reached such 
a, stage that  the e q e r i n e n t a l  models sliould be t r i e d  mdes  f i e l d  conditions. 
I t  vras thought that  the basic requirements fo r  accuracy vere adequately 
provided i n  the experimental models but that  p rac t ica l  improvements might 
be iildicated >hen operated conditions met i n  routine sediment sm2l ing  
and by the personnel v~ho are  re6Warly engaged i n  that  V J O ~ ~ ,  The final. de- 
sign of the samplers t~ould thus have the bencfit  of suggestions by f i e l d  
personnel fo r  such improvements a s  1 ~ 0 3 d  f a c i l i t a t e  t he i r  operation, and 
any features that  might prove to be unsatisfactory i n  the experimental 
models could be corrected i n  the design of future models, I t  was desired 
also to obtain data from pa ra l l e l  f i e l d  t e s t s  on the i ~ p r o v e d  samplers and 
oil other types of samplers iii reglzlar use under as  nearly ident ical  condi- 
t ions  an6 j~roce&ures as  possible i n  order t o  compare the sampling qua l i t i es  
of the respective instruments. 

Tkerefore, the Committee authorized the construction of duplicates of 
the experimental depth-integrating sampler f o r  any of the agencies who 
wished t o  purchase and a l loca te  them to t he i r  respective f i e l d  offices.  
The depth-iiitegrating samplers vrere made i n  two s izes ,  weighing 38 and 50 
pounds, respectively,  i n  order that  f i e l d  t e s t s  could be made over a wider 
range of f l ov~  conditions. I t  was anticipated that  i f  the f i e l d  t e s t s  proved 
the sampler to be a prac t ica l  instrwneiit f o r  thc col lect ion of samples, 
heavier samplers could then be desiii;r,ed fo r  streams 1~5th m a x i m u m  depths and 
velocities x~ i tk in  the range of the Cepth-integration method of sampling, 
and, likewise, thc smpler  could be redesigned fo r  hand use i n  shallow o r  
small s t r e ~ m s ,  i f  a need f o r  such equiL;ment was indicated. 



Ten sGaq21ers were requis i t ioned by the agencies, axd 1:rhen completed i n  
May 1943, they were d i s t r i b ~ x t e ~  to  the f i e l d  o f f i c e s  l i s t e d  i n  the fo l lob~ing  
tabulation. The auxi l iary  he~.d. f o r  the D-43 s m p l e r  shovm in Fig. 7 vas 
yrovided oi?ly on the samplers constructed f o r  the U. S. Geologic~J  Survey. 
.-- -.-- 

i Agency I Addr e s s Sampler , 
8 15s. 

U. S. Geological Survey 1 
U, S. Geoloqical Survey I 

Office of Pncliai Affairs  I 
i 

U. S. Bureau of Reclamation 
U. S, Engineer Office I 

I 
3. S. Engineer Office 
U. S. Engineer Office 
U. S. Engineer Officc 
U, S. 7nginecr Office 

I 
I 

3. S. Enginecr Office 
--- --- , 

i 
- L -  

Thro of tho eqerime:ltal Oepth-iiltegretlng samplers uere given f ie lc l  
t e s t s  by the U. S. Geological Survey i n  1943, 'ir_le r e s u l t s  of these t e s t s  
arere submitted t o  the Comrni t t e e  at the meeting held  i i l  ?larch 1944, Py io r  
and sv-bsequent t o  tha t  meeting, s imi lar  t e s t s  were conducted by tIie Bureau 
of Reclamatioa and the U. S, Engineer Offices at 3ocB Island,  Omal~a, Cincin- 
n a t i ,  Tulsa, Albuquerque, Sacramento, and B ~ f f a l o ,  The U, S. Gcolo$.cal 
Survey a l so  made fu r t he r  f i e l d  t e s t s  of the  s a q l e r  i n  1944. 

Iowa C i  t y  , I ova 
Albuquerque, Hew Mexico 
Coolidge, Arizona 
'iuma, Arizona 
Rock Island,  I l l i n o i s  
Omaha, Nebraska 
Cincinnati ,  Ohio 
Tul s a y  Oklahoma 

The e;cperimental rr?oCel of tile point- integrating sampler has been made 
avai lable  f o r  loan to m y  of tke cooperating agcncies o r  t h e i r  f i e l d  o f f i c e s  
uTon recluest f o r  examination ail? t ~ s t s .  P r i o r  to the Connittee ncct ing held  
i n  ;:arch 1944, t h i s  sampler had been t e s t ed  5y the U, S. Geological Survey, 
the Bureau of Reclamation, and the 7. S. 3ngineer Office i n  Euntin,-tos, ffest  
Virginia. The r e s c l t s  of these t e s t s  were discussed i a  repor ts  submitted at 
the meeting. Subsequently, i t  lias been t e s t ed  by the Tennessee Valley Au- 
thor i ty  and tile 3. S, Engineer D i s t r i c t  Offices i n  X~~n t ing toa ,  :Test V i r -  
g in i  a;  'I2il sa ,  Oklahoma; and Omaha, 1Tebrasl:a. 

38 
50 
50 
38 
38 
50 
50 
38 

A t  the meeting of the Cornittee i n  iliarch 1944, i t  was agreed t h a t  each 
agency should repor t  the r e s u l t s  of t e s t s  performed on the s a ip l e r s  i n  the 
f i e l d .  Tne t r r i t e r s  were delegated t o  compile the f i e l d  repor ts  and t o  dis-  
t r ibu te  copies to  the members of the Committee, PursuantZy, the repor t s  by 
the rcspectivc f i e l d  o f f i c c s  a r e  al~pended hereto i n  s -abs tmt ia l ly  t h e i r  
o r ig ina l  form, while the s i gn i f i c aa t  r e s u l t s  and da t a  a r e  abs t racted and 
discussed b r i e f l y  i n  the fo l lov ing  paragraphs. 

Albuquerque, New Mexico 50 
Sacramento, Cal i fornia  

---- - ,- 
1 38 

- ---- 



2, F ie ld  t e s t s  of the US D-43 sediment sampler, U. S. Geological Sur- 
ve,y--Coqarative f i e l d  t e s t s  on the US sediment sampling e q u i p e n t  and the 
Colorado River s x ~ p l e r  made by the Geological Survey i n  the Colorado Eliver 
Basin i n  1943 are described i n  a report* released i n  April 1944, Xn 
Mew 1944, additiond. t e s t s  were nade i n  the Colorado River 3asin to observe 
tho operation of the 1)-43 sampler under high water conditions aid to  deter- 
nine the e f f ec t  of the taper of the intake nozzles on the intake veloci t ies .  
Sonc coaparative sanples were ,also collected with the Colorado River sampler. 
As  ill 1943, the t e s t s  were made fron ca%le cars which arc per:ncrncnt equip- 
nent fo r  naking routine ncasurcncnts of flow ,and col lect ing d'dly sedinent 
s s q l e s .  a l e  r e su l t s  of the 1944 t e s t s  m'c discussed i n  de t a i l  i n  Appen- 
dix A. 

The r e su l t s  of the f i e l d  t e s t s  rn8.d~ i a i  1944 on the 'ITS D-43 s,upber 
ver i fy  those made i n  1943 f o r  similar flow conditions. The oper2,tion of 
the s,mpler was sat isfactory at tlie Bluff s ta t ion  on the S m  Ju,m River and 
reasonr~bly sat isfactory a t  the Lees Ferry s tc t ion  on the Colorz?,do River where 
the naximwn depth and avercge veloci ty  i n  the vertic, i l  section were 15.6 f e e t  
m d  9-7' f e e t  per second, respectively. A t  the Or,md Canyon s t a t i on  on the 
Color3,do Biver, the auxil iary head and bottom closing device were used, 
Since the streail depths were o,bout 30 f e e t  and the velocity i n  the ve r t i ca l  
section avernged ne,?rly 10 f e e t  per second, n 75-1%. souzding weight was 
placed on the hanger Ism one foot o0bove the sampler. Even with the addi- 
tioncll weight, v e r t i c ~ i l  of 20 degrees were observed at depths i n  ex- 
cess of 20 f ee t ,  Tke downstrcnm drag, of course, var ies  with the d i s t a ~ s e  
the sounding ree l  i s  above the trp.ter surface f o r  ident ical  s t r e m  depths cvld 
voloci t ics ,  tTitliorat nddi t iond  weight, the s a p l e r  could not be s,&ely l o w  
ered to deptlis i n  cxcess of about 17 f ee t ,  Except f o r  the cxcessivo dovm- 
stream drift of the s,v,pler, i t s  performc?ncc under these d i f f i c u l t  smpl ing  
conditions apponred reasonably satisfnctory.  

The intake character is t ics  of the D-43 s a i l e r  with the 3116-in, di- 
aineter tapered nozzle ver i fy  those shoy;ln for  the t e s t s  mzde i n  3.943, Some 
clogging v~as experienced with tlie 1/8-in. dic?nctcr nozzle at the Bluff 
station.  Cor.qxxativc t e s t s  nade with tapered u~ltapered nozzles indi- 
cate the veloci ty  i n  the nozzle a t  point  of int'lkc c,ul be varied to n 
degree by increasing o r  dccrcasing the length of the tapered section. 

Since the f i e l d  operation of the 50-9b. 5 4 3  sampler was found to be 
g e n e r a l 7  sat isfactory fo r  s a q l i n g  eoiiditions fo r  t~liich i t  was designed, 
the development of a 100-1%. sampler fo r  swift and deep streams bras recom- 
mended, En a d s  t ion,  f t bras fur ther  reconmended that  posi t ive  action catches 
be designed fo r  a l l  smplers  of the P)-43 type, 

Size a i~alyses  by the bottom trit:idxatraJ. tube were made of some 50 sa.1ples 
collected during the f i e l d  studies. The r e s u l t s  of mtilyses of corqaratfve 
---4-------_-__--_T-----------T---------------------7,----v-----------------~- 
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sm.ples col lected with the D-43 and Colorado River s g q l e r s  ver i fy  the conclu- 
sions reached i n  the 1943 tes t s ;  i . e , ,  the D-43 sampler because of i t s  sam- 
pl ing action col lects  a more rcpreseiitative s a q l e  than the Colorado River 
s q l e r ,  par t icu la r ly  where coarser material i s  i n  suspension. Resxl t s  of 
analyses of smplcs  collected a t  the Grand C,myon s ta t ion ,  three days a f t e r  
those obt,dncd a t  the Lees Ferry s ta t ion ,  show ths t  the sediment i n  suspen- 
sion was consibcrably coarser, over 50 per  cent of the pa r t i c l e s  bcicg l a rge r  
t h m  0.1 mm. i n  d imc tc r ,  and about 5 pcr cent l a rger  t h m  0.5 r-m, i n  di'mctcr. 

3. Field usc of the US D-43 sedincnt sampler i n  Iowa streams, U. S. 
GeologicSl Survey---The rcsul  t s  of thc prclirninaxy f i e l d  t e s t s  of thc US sedi- 
ment ~ ' ~ l i i i g  equipncnt by the Gcologic,al S ~ r v c y  i n  1943 indicated tha t  the 
D-43 s a q l e r  v~as n prac t ica l  instrument fo r  the collection of scdincnt snnplcs, 
Thcrcforc, ,and a s  c par t  of the progr'm to standardize s,urrpling oquipnent a'iong 
the ,agencies par t ic ipa t ing  i n  the joint  invcstigntion et the lzboratory,  the 
D-43 stxpler ??as sclcctcd f c r  usc i n  conncctioli with the dctcrnination of 
daily sedirne:it loads a t  three coopcrativc s ta t ions  on thc IO~IC and Ccd,ar Rivers 
i n  Sown. Those investigations also scffordod ,m oyportunity to obtain fur ther  
information on the f i e l d  operation of the s,unpler. A photogr~ph of the in- 
s ta l lc t ion  on the Iot.ln River above Cor,dville i s  shown on p ~ g e  3 of 
rs report oi l  the use of the D-43 sar"pler i a  Iorsa streams, a id  on the 

'T!I~ routine f i e l d  use of the D-43 sampler has denonstrnted th s t  i t  i s ,  
i n  general, sa t i s fac tory  for  col lect ing dai ly  s a ~ p l e s  i n  Ioitia Rivers, I t  was 
necessary, however, to repair  the catches sever,$. times during the y e a ,  I n  
a1 c t t e q t  to fur ther  improve thc f i c l d  operatioil of t h i s  fcs ture  a ~ d  t o  re- 
duce tho cost  of repairs ,  ,m d t e r n a t c  catch vas designed. and inst ,dled on 
two of the s,unplcrs (see Appendix B.). Although the ncv catch simplifies 
the feield opcrction sonclrhnt, i t s  use hcs been too l imited to indicate  i t s  
prnc ti c8ki l i  ty, 

The .use of tinc 50-lb. EF-43 smplcr  during the 1944 May and June floods 
i n  Iowa indicated that  i t  was sa t i s fac tory  for  Iowa s t r e w s  wit11 depths of 
about 20 f e e t  i d  tli c maxinun mem vcloci t y  i n  the v c r t i c d  section of 6 f c c t  
pcr second. For strc,ms having greater depths or  velocities or  both, tlic 
t,~eiglit of the sanplcr should be increased to prevent undesirable doanmstrcm 
d r i f t  during the sampling operztion, 

4, FielC~ t e s t s  bs the U. S. Bureau of Reclt7mat~on--CompCvc,tive f i e l d  
t e s t s  were mcdc with the US sediment s,mpling equipment ,and the Tai t-Biilclrley 
s'mplcr a t  thc Yma cable on the Colorado River near Yuma, Arizona, from a 
boat. Tho stream ve loc i t ies  v,aricd from 2.5 to 4,Q f e e t  pcr second; the 
strecam depths from 3.8 to 15,O feet .  The r a t i o s  of intali:c velocity to strecam 
Velocity f o r  tlzc 13-43 m d  P-43 s z q l c r s  ~~vercged  1,04 and 0.98, respectively. 

current me t c r  vcloci ty  obscrvntions wcrc made a t  tho Tai t-BinclrZcy scam- 
pl ing point ,  which wcs d o u t  G f e e t  upstrecam from the sCu;l3ling point  fo r  the 
US s~2'.r,plors. The base data presented f o r  review ,are ~ulllin~rizcd i n  Tablcs 1 
'and 2, 



CrnISTICS OF THE XI-43 SBt8LER 

Average Velocity 

Average = 1,05 
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*Yelocity detcrrninations made about 6 f e e t  up st re^;.^ from sa~npling point,  

**Point-integrated samples taken by lowering the sanpler suddelzly to a 
point one foot  belovr the trater surface. No correction made f o r  i n i t i a l  
inrush. RL indicates  the t r ans i t  r a t e  of the smpler  i n  f ee t  per sec- 
ond. 

The samples obtained with the Tait-Binclcley sampler, hereaf ter  desig- 
nated a s  the T-B sampler, were taken at a point about 6 f e e t  upstream from 
where the &43 and P 4 3  samples were taken, Each T-B sample was col lected 
a t  the ins tan t  the E-43 sanpler made coztact w i t h  the stream 3ed. In order 
t o  compare the r e su l t s  obtained with 3-43 and T-3 s a ~ p l e r s ,  i t  was nec- 
essary to c o ~ p u t e  the weighted concentration i n  the ve r t i ca l  section from 
concentrations shorn by the l a t t e r  saorpler f o r  the several points  and corres- 
ponding ve loc i t ies  ir? each section sampled. Conparisons of mean concentra- 
t ions obtained i n  t h i s  manner give a2 average of O,?? f o r  the sarrpling r a t i o ,  
T - ~ / ~ - 4 3 .  The average r e su l t s  of tne t e s t s  a rc  given i n  Tab1 e 3. The varia- 
t ion of sediccnt concentratio;% with time fa  smples  taken' one foot below the 
prater surface with both s a ~ ~ p l e r s  i s  shov.m i n  Tig. 1. The r e su l t s  of a p a r t  
of the s ize  anzlyses ~ c r f o ~ ~ n e c l  57 the 3ot tor  ~ r i t h d r , ~  .rrl tube net'nod a rc  
shoxtm i n  Fiss ,  2 and 3. 

In  naking conparativc f i e l d  t e s t s  ~ r i  tli the T-B and P-$3 sanplers, the 
T-$3 sznplcs were taken at the middle of the sempling period f o r  the P-43 
sampler a t  z point  about 6 f e e t  upstreal ,  The r a t i o  of the concentrations, 
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'Velocity dc t e rn ina t ions  nadc a'oout 6 fcc  t ups t r c m  f ro% st~r~~pli lag point .  
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fig, 1 - Variat ion of  sediment concentrat ion with time, 
Colorado River near Yma, Arizona. 



Sediment Size i n  Millimeters 

Pig. 2 - Rernltr of size a y e e m  of eebiment i n  raqler  collecteBL 
at a point one foot below the water &ace on lngurt 17, 1943. 



Soament Sire in Hil lfaet~rr 

m. 3 - Belrrltr of rice claalyrrr of redireat in #ampler at poink 
one foot b l o v  the wakr d a c e ,  dd-depth, md om foot above tlu bottor 

taken dth the TnibBincUey rampler on lsgart 19. 1943. 
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I T - B / _ P - ~ ~ ,  f o r  the s,aqles so t&cn averaged 1,26, A sunlmaxy of  the data i s  
give11 i n  Table 4, Tile var ia t ion  i n  sediment concentratio11 v i  th time f o r  a 

i typic91 s e t  o f  spnplcs col lcctcd with each sampler i s  shovm i n  Fig0 4., 
I 

W L E  4 

CObPABI SO11 OF CONCE:T'14XBTIOlJS IN T-B & i  P-43 S&PLES 



EYg, 4 - BatsLian of seameast mneentratbom wlbth  %%me, 
Color& River near Y a ,  k i z o n s .  



Tne r e su l t s  of the comparative t e s t s  made v ~ i  th. Vne 14-43, P 4 3 ,  '2nd T-B 
sclnplers nre not consistent with the normal. e q ~ e c t a t i o n  fo r  concentrations 
'md saiipling condj. t ions encountered, me weighted eoncentrrz,tion i n  the ver- 
t i c ~ J ,  sectioa compu-ted from T-I3 s,ainples i s  consistentZy lover t h m  the average 
obtoiaed a r i  th the 9)-43 sm~pler ,  111 geaerc.1, the avercage concentrations of in- 
st?.ntmeous saaples tckea v ~ i  th the T-B s , q l e r  are coasis tent ly  higher t h ~ m  
the average concentrations i n  corresponciing sanples taken trith the 9-43 sam- 
ples.  The reason for  the vleighted concentrations i n  the &43 s<mples being 
lovr.r3r and! the concent~ctioras i n  P-43 smples  being h ig l~cr  t ha i  concentrations 
i n  sfimples obtained with the T-B s~1mplcr i s  not evident a t  t h i s  time, 

Inasmuch as s iac  malyses  of the con~parativc s:implcs t&en v i th  the P-43 
e11d T-B szitr~lcrs hzve not been conpleted, no a t t e l ; ~ t  i s  made t o  esclnin the 
lack of 'agreement be t~rceiz concentrctions i n  thesa groups. However, s ize  
analyscs have bocn made of thc eompnrntivc sox~ples tdrcn tritli D-43 a d .  T-B 
scmplers, 811d the followilig cor,v,eilts arc offered by the Bureau of Rec1,mation 
on lack of agreement between concentrations: 

"1, Because of instantaneous f luctuat ions  i n  concentration, 
considerable differeace might be e q e c t e d  i n  each p a i r  of compara- 
t ive  saxples. However, i n  averages of G pa i r ,  12  p a i r ,  etc.,  the 
differences should be compensated. 

I%?. I t  i s  proba,ble that  three Tai t-Binclcley smples  i n  a ver- 
t i c a l  a re  i;nsufficient fo r  deterinining the true weighted mean eon- 
centration i n  the v e r t i c a l ,  but t h i s  factor  could account f o r  only 
a snal l  perceiltage of the izconsf s tency shown, 

q3, Size analyses of the depth- intc~ratcd sar.iples indicate 
that  the I!-43 sampler received excess f ine  na t e r i a l  as  cori~arcd with 
the T e i  t-Binckley. This night iiidicnte that  the Tai t-Einclcley hod 
s a ~ p l e d  too close to the bottom and ;$.eked up excess coarse material ,  
i n  ~trhiclq case thc r a t i o  of T-B t o  D-43 should bs grcater  tila11 1.0. 
,Aob~8,lly, hol~~evcr, i n  a l l  but one of the groups, the r a t i o  i s  l e s s  
than l , O ,  Therefore, none of the e r ro r  can bc attr:ibutod to t h i s  
C?"USC. 

194, In  a samnpler t~ i tnou t  re~lovablc containcrs,  such as  the 
T a i  t-Bincklcy, there i s  always the poss ib i l i t y  tha t  some na te r ia l  
may adhere to the sarnpler each t ine  a scmplc i s  transferred to i t s  
container. With the small coilcentrations exis t ing i n  the Colorado 
River at Yu-na, l o s s  of a sna l l  mount of material. would cause an 
apl>recia%le perccntagc crror ,  

IIThe nos t l i k c l y  cmsc of the discrepancy i n  the depth-integrated sanples, 
an6 ill the group eor:irising thc f i r s t  36 pa i r  of point  sanplcs of August 17, 
1943, appears to be that  nentioned i n  (4) above, Pi1 thc second group of point  
smples  of AU~J-LS~ 17,  the r a t i o  of T-B to 3)-43 i s  0 ,9l ,  and thc r a t i o  of in- 
take to strcari veloci by i s  l,llp Fro11 t h i s  information, i t  v10vJ.d bc reasoncd 
*hat the D-43 ~t7~rnples vrould be deficient i n  coarse material ( t ha t  i s ,  t l i e ~  
FIOU~I! contain too high percentages of f i ne  materis.1). Sowovey, the s ize  analy- 
ses indicntc that  they coiltain a smaller percentage of f ine  m n t e r i ~ ~ l  than the 



Tait-Sinckley sajmles. Therefore, 110 e :~ lana t ion  f o r  the lack  of agreement 
i n  t h i s  group can be offered," 

A l  thou.&. no d i rec t  comparisons ve?e made be tv~een concentrations obtained 
v r i  t h  the i!-43 and P-43 samplers, the ind i rec t  comparison with concentrations 
i n  T-3 sanples indicate an appreciable difference between the two types of 
sampling equipment. Ho\trcver, inasmuch as  the data submi t ted arc i!iconclusive 
regardii~g the true samling r a t i o s  of the T-B to the P-43 ,md I?-43 smple r s ,  
the indirect  comparison of tnc P-43 a id  D-43 samplers on the basis  of these 
ttata i s  not jus t i f ied,  A fev  comparative f i e l d  t e s t s  made by the Geological 
Siz-vej* a t  the s ta t ion on the Green River a t  Green River, Vyomiog, indicate  
l i t t l e  or no difference be tween the tvo sanplers, but apprecizble difference 
vzs noted i n  the r e su l t s  obtained a t  the s t a t i o i ~  on the San Juan River near 
Bluff, Utah. However, the r e su l t s  f o r  the l a t t e r  s ta t ion  were not consistent,  
aild the number of t e s t s  made a t  both s ta t ions  was too small to be considered 
indicative of the re la t ive  eff ic iezcy of the two t3rpes of san]?ling equipment. 

!The Bureau makes the f ol lo~ring commcn t s  and recomnendations rela,tive to 
the US sampliiig equipment: 

"2. The D-43 sampler apparently can be operated and handled 
sa.t isfactorily.  Samplcs were taken i n  streem ve loc i t ies  of 2 to 4 
f e e t  per second. Ueight and construction of the sr";iiplcr appeared to 
be sui table  f o r  t h i s  range, I11 using the P-43 sccl?pler, soac d i f f i -  
cul ty  was encountered u r i  th operation of t r ipping mechanism due to 
short  distance of drop, ,and with tlie winding key due to badly worn 
s l o t  and danger of los ing koy, The jar contailicr of the P-43 sam- 
p l e r  i s  machined to such a close f i t  that  some ja rs  could not be 
used; incrcasc of 1/16 of GI inch i n  diameter of tho opcning 
would be desirable. 

"c. ...- Either the milk bo t t l e  or f r u i t  j a r  container i s  sa t i s -  
factory,  but i t  i s  recornmcndecl that  one or the o thcr be ehoscn as 
stal~d,ard so that  dl sarxplers b r i l l  u t i l i z e  the scnc type, As to 
s ize  o f  contaii~cr,  i t  i s  suggested tha t  consideration be given to 
desiga of ss.r,iplers ~ s i i l g  quart containers, i n  order to rcducc re- 
quired t r ans i t  r a t e s  f o r  the C-43 s : q l c r  m d  to permit use of 
l a rgcr  nczzlcs uhcn necessary, 

t'a, Secmsc of trouble cncountcred u i th  the tr ipping and 7:1iiad- 
i n s  mccha~isns,  i t  would be d-esirt?.blc to provide f o r  c l c c t r i c d  
operation of tnc vclve, i f  possible." 

Dlc base data covering the f i e l d  t c s t s  m d  some s izc  ,analysis dctcrmiua- 
t ions 2rc included i n  Ilppci~dix C. 

5. =ice of Indiajz Affairs--The Office of Ind im Affairs indicated by 
l c t t c r  d>t;?d 12 April 1944 tha t ,  o7,ring to the l i n i t c d  pcrsoni~el ~ ~ a i l ? 3 l c ,  no 
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f ie f  d t e s t s  vere made ~ r i  th the E-43 sampler. Hotrrever, i t  was ant ic ipated tha t  
at some t ine  i n  the future ,  t e s t s  trould be made i n  the southwestern section of 
the Rii ted States ,  

6. Field t e s t s  by the Temessee Valley Authoritx--Yield t e s t s  were con- 
ducted by the Authority only on the P 4 3  smples,  Hotrever, samples were col- 
l ec ted  at the same time with samplers now used by the Authority f o r  comparison 
as to  the prac t icab i l i ty  of the P-43 sampler. I t  i s  assumed the other samplers 
used are similar o r  ident ical  t o  those described on pages 135 and 136, Report 
:To, 1 of the se r ies  issucd i n  connection v i th  the jo in t  sediment investigation. 
The r e su l t s  of the f i e l d  t c s t s  made by the Authority are discussed i n  rcports 
submitted to t l c  U. S. Engineer Office, St. Paul, Minnesota, 11 M a y  =d 26 Junc 
1944, wlni ch accompany t h i s  rcpor t as Appendix 3. 

Thc f i e l d  operatio11 of the experimental P 4 3  sampler i n  i t s  present form 
was considered unsatisfactory by tho Authority. Thc report  s t a t e s  tha t  scdi- 
mcnt depositcd i n  the nozzle while the samplcr was bcing lowercd to thc sw-  
pl ing point  and pr ior  to opening the valvc. This scdincnt was f lushcd in to  
the contdner  trhcn the v d v c  was opcned and seriously affectcd thc accuracy 
of thc samples collceted. fiovever, no quanti tat ive t e s t s  werc made to doter- 
nine the extent of the error  introd-iced. The open section of the nozzle wlicrc 
deposition takes place has a volume of about one cubic centinctcr. Thc adverse 
e f fec t  of thc conccntratioil of a 400 cubic ccntimctcr sample, the avcrc.ge vol- 
me of s,mplc collcctcd i n  a one-pint contdncr ,  ma,y 'oc apprcciablc f o r  certain 
sampling conditions, but, gcne rd ly ,  i t  would probably not exceed the l imi t s  
o f  accuracy i n  thc present rncthods used i n  measuring strcan f1ot.r. I t  would 
be possible t o  prc-vcnt depositioil of scdincnt i n  the nozzle by allowing watcr 
to flow through the intake and a by-pass at the v d v c  'back to the strc,m when- 
ever the valve i s  il the closed position. Thf s e-qedieat would fur ther  com- 
p l l cc t c  thc design of the valve,  a d ,  therefore, i t  i s  not recommended W e s s  
quanti tat ive t e s t s  indicate tha t  an appreciable improvement i n  sampling accu- 
racy krould be obtained, 

The Authority report s t a t e s  t ha t  the intake nozzle i s  too de l ica te  and 
would be ra ther  eas i ly  damaged by s t r i k ing  bridge r a i l s ,  p i e r s ,  etc.  If the 
nozzle were damaged, i t  could be replaced eas i ly ,  and when made i n  quant i t ies ,  
they would be re la t ive ly  inexpensive. On the other hando i t  has been assumed 
that  a sampler would receive a t  l e a s t  as csreful  treatment i n  the col lect ion 
of sediment s anpl es as  the current meter does i n  making discharge neasurements 
and, therefore, t h i s  ob$ection i s  not considered serious. 

The need fo r  a crane to operate the saqpler was indicated i n  the WA re- 
por t ,  and the statement was made tha t  a sampler supported by a hand l i n e  i s  
more sa t i s fac tory  f o r  small streams =d narrow bridges since the operation i s  
much simpler and f a s t e r ,  The collt?ction of samples i n  streams of appreciable 
depth and velnci t y  obviously w i l l  require the use of a crane unless the sam- 
ples  are col lected a t  or near the surface. Die use of permanently i n s t a l l ed  
sounding r e e l  s v i  t h  sediment sampling equipment has been found very pract icable  
by the U. S. Geological Survey i n  Iowa, This type of installat iolz,  k11iich i s  
described i n  kppendix B ,  ui~doubtedly v~ould be ju s t i f i ed  at any regular sampling 
s ta t ion  on a s m a l l  stream where loca l  conditions are  suitable. 



Xn colf ecting samples with the P-43 sampler, the Authority foand tha t  
i t  vras necessary f o r  the operator to co l lec t  several samples i n  order to 
determine the proper time in te rva l  to  f i l l  the container, After some f i e l d  
experience bri  th the sampler, i t  i s  believed that  t h i s  problem would not be 
d i f f i cu l t .  The velocity i n  the nozzle at point of intake approximates the 
stream veloci ty  a t  the sampling point. Therefore, with curves showing tlie 
f i l l i n g  time tiitli respect t o  veloci ty ,  i t  i s  a re la t ive ly  simple' matter to 
determine the proper sampling time when the approximate stream veloci t y  i s  
knovm. I t  shoUld d s o  be pointed out tha t  a sample need not n e c c s s a i l y  be 
discarded because the container i s  l e s s  than fu l l .  A s a i i l c  of any s i ze  can 
be used provided the container does not overflow before the sarpl ing opera- 
t ion ceases, I t  i s  possible tha t  a leaf  or other debris m a y  temporarily stop 
the flow i n  the nozzle during the sampling process. However, i f  the inflow 
i s  en t i r e ly  cut o f f ,  there w i l l  be no adverse effect  on the sample except f o r  
the smaller quantity collected. I f  the vcloci ty  i n  the nozzle a t  point  of 
intake i s  appreciably reduced f o r  an apprcciablc p a r t  of the samplisig inters- 
Val, some error  trould be introCuccd, the magni tudc dcpcilding on strccm ve- 
l oc i ty ,  pa r t i c l e  s ize ,  etc,  ii'owcver, t h i s  i s  not charac te r i s t ic  of the P-43 
scmpler alone but dl types of s,2mplers present thc s m e  d i f f i cu l ty  to  v~xy-  
ing degrees when used i n  col lect ing samples in debris laden streams. 

The TVA report pointed out tha t  the removability of the s a ~ p l e  container 
was the best  single feature of the sa;npler, Eiovever, i t  was reconmended that  
Che smpler  be adapted for  p in t  milk bo t t les ,  siilcc they are more rugged than 
the mason j a s  and the czps afford a convenient place to labe l  the samples, 
This recommenfiation i s  i n  accord v~itil thc other agcncies who have tes ted  the 
sznplcr . 

Other cri t icisms offered r egad ing  tbc use of messenger weights, winding 
mechanism, valve mechanism, su i t ab i l i t y  of s n q l e r  fo r  cer ta in  conditions of 
flow, and the extra  personnel required f o r  f i e l d  operation, c2.n be eliminated 
i f  the sanplcr vere designed to q ~ c r a t c  e l ~ c t ~ i c d l y .  

Concentrat'ions of samples collected. by the Authority vrith the I?-43 sam- 
p le r  a re  given i n  Appendix E, Apparently, smples  were collected a lso  with 
the s a ~ p l e r s  now used by the Authorf t y ,  but the sedinent ,m,zlyses were not 
s u b ~ i t t e d  v i t h  the report. I t  i s  only s ta ted  tha t  the sedinent content of 
sar.qles collected tlri th the P-43 s,mpler b r a s  sornetiines greater and sonetines 
l e s s  than i r r  corresponding smples  collected with sampling equipment now i n  
current use. 

I t  was suggested by the TVA tha t  the srr761pler f i n a l l y  evolved shonld be 
nnde snt isfactory for  the widest v s i e t y  af f i e l d  cond-i t ions as well as  be 
correct f ron a theoretic31 viewpoint. 

7. Field t e s t s  by the U. S, Engineer Office, Huntiagtorz, Vest Virginia- 
Conpmative f i e l d  t e s t s  on the P-43 and Ohio River Division sanplers conducted 
by the Eiuntiiigton Engineer D i s t r i c t  ,we fiescribed i n  Appcndix 2'. The ORB sm-  
p le r  i s  shovm on pcges LO ,and 11 of Appcadix J, The scr?ole comtnincl-, n glass  
jrar of l-quart cqmci ty ,  i s  c1,mped upright i n  n c i r c u l s  mc t d  b'and at the 



forwsrd end of a, f l a t  s tee l  b,ar, which, i n  turn, i s  fastened to the hanger 
bas ,and t a i l  vane of a regular sounding veight. m e  intdce tube, an as- 
senbly of brcss tubes ,and f i t t i n g s ,  i c  attached vcrticri l ly to a bronze 
screw cover on the s q l c  jm. The tube i s  bent 90° alout 3 inches above 
the cover and ends i n  a t o ~ e r e d  nozzle pointed i n  the ups t rem direction.  
The n i r  exhaust, o f  ,dnost iden t ica l  eonstructioiz, d s o  ends i n  n brass noz- 
z le  pointed upstrem at an elevation about 1 inch above the f l u i d  intdce 
ilozzle. Each tube i s  equipped with a brass cock, the handles of which me 
liikecl together normally held i n  the open posi t ion by a spring. A c ~ ~ t c h  
arrangeaent v:lzen applied "c the common l i n k  holds the v ~ l v e s  i n  the closed 
position. The catch i s  released by energizing an electromagnet and the 
spring throws the valves into  the open posit ion,  The current supply i s  fur- 
nished by dry c e l l  bat ter ies ,  

I n  operation, the samyler i s  used as  a point-integrator. I t  i s  lol~~exed 
t o  the sampling point with the valves closed, A t  the specified subrcergence, 
the electromagnet i s  energized, releasing the catch and the valves open. 
ITith t h i s  design, i n i t i a l  inrush occurs and a l a rger  or  smaller proportion 
of the sample, depending upozi the depth of the sampling point ,  i s  obtaiaed 
almost instantaieously a f t e r  the valves bwe opened, Some sediment v~ill bo 
l o s t ,  and the s q l e  talrcn duiiing t h i s  period w i l l  indicate a lower concen- 
t ra t ion  than that  exis t ing a t  the swp l ing  yoiilt. Subsequently, the saq3ling 
takes place at a slower r a t e ,  but a t  a r a t c  neither c q a d  nor proportional 
to the stream vclocit;.. Owing t o  the f a c t  that  both the intake and a i r  ex- 
haust nozzles arc poiiltcd upstream, both o r i f i ce s  are subject to equal im-  
pact  pressures. The a i r  i n  the container escaL)es through the upper o r i f i c e  
dye to the lover hydrostatic pressure a t  tha t  point and i t s  o m  bouyancy, 
The differential pressure on the o r i f i ce s  being constant, irrespective of 
velocity,  a t  dl practicable depths, the r a t e  o f  inflow i s  uniform md under 
ordinary coizdi t ions coi~siderably S ~ Q V T C T  th,a would be indicated by the s trcam 
velocity. Conscqucntly, the strecam l i n e s  divcrgc at the intdxe nozzle, and 
the s q l c  tdcen during tiiat period rrr~ul?~ be e:qccted to  contaii1 a dispro- 
portionately large amount of sediment, The e r r o x  resu l t ing  from both of 
these fau l ty  features ,  although opposed i n  sign and therefore to some ex- 
tent  compeilsatory, increase 11i t h  iizcreasing p a r t i c l e  s izes  =d become in- 
s ign i f i  c a t  fo r  very f i n e  sediment. 

?hen the sample contaiaer i s  f i l lect  with f l u i d  an2 a l l  a i r  has escaped, 
the f i l l i n g  autonat ic~Lly ceases. Since the valve operating mechanism does 
not provide f o r  automatic or  mechanical closure of the valves, the air ex- 
haust; tube has been turned ups t r ew  to avoid c i rculat ion through the sanrple 
container a f t e r  i t  f s f u l l .  $&ether circulatiolz stops comple toly i s  ques- 
tionable, but ewer? i f  % t does, there i s  the poss ib i l i t y  that  the sample . r i l l  
be contaminstcd by depgsi t ion of sediment i n  both aozzlcs a f t e r  the f i l l i n g  
action ceases as long as the sanpler remains i n  the st re,^. 

The sample j a r  i s  posed ia a precarious posi t ion both i a  and out of the 
water, and i t s  lack o f  s tseamlining of fe rs  considerable resistance to the 
current, IIov~ever, the sm-pler i s  very simple to operate, can be constructed 
chc8phy, and i s  eas i ly  f n ter~hanged with the regular stream gaging equipment, 
I t  ctm be mounted on la rger  or smdle r  sounding weights to s a t i s fy  various 
stream conditions, In contrast to these desirable features ,  i t  v io l a t e s  most 
of the basic pr inciples  of accurate sediment sampling, 



One ser ies  of comparative f i e l d  t e s t s  with the P-43 and ORD samplers 
was madc 2 Kay 1944 i n  Lcvisa Fork of Big Sac@ River a t  Louisa, Kcntucky, 
T1:ro strean gaging dcrriclcs were s e t  up s i  de by side on tho briclgc over thc 
deepest point i n  tho s t r e m  mc? tcn pa i r s  of s8mplcs vrcrc takcn with tho 
s,m:lcrs operating simul tmoously, Ehe samplers 1.1rcrc thcr, i i~te~changccl m-d 
tcn ac?dLtionc,l pa i r s  of samplcs wcrc talcen, Vcrtic'al vcloci ty  curvcs wcrc 
observed before sampling, during thc ia tc rva l  betvrccn thc two s e t s  of scam- 
p l c s ,  a%c? nftcr  conplcting thc sampling. Thc r i v e r  stage was s ta t ionary 
during tho t e s t ,  

b o t h c r  se r ies  of t e s t s  was made 7 Junc 1944 trhcn a con-plctc suspcndcd 
sediment measurement was made at three ve r t i ca l  s ta t ions  i n  the Ohio Itit-er 
at H-mtingtoii, liest Virginia. The t ~ m  ssnplers were operated simultaneously. 

The Huntington report s t a t e s  tha t  the conclusion reached on the basis  
of these t e s t s  are substant ia l ly  the same as  those expressed i n  the report  
by the Tennessee Valley Authority, The r e su l t s  of the f i e l d  t e s t s  made by 
the Euntington Dis t r ic t  are summarized i n  Table 5. 

TABLE 5 

SUXl~WY OF FIELD TESTS OM 0-SD AND P-43 S&@LERS 

1 1 j ! Sediment I Sampling 
I 

I Station j Sampler i Load i 
i Ratio 
! ! lbs./sec, i ORDIP-43 

Levisa Fork of B%g Sandy River a t  Louisa, Kentucky I 
I ! I 

31-36 OR33 i 0.157 ! i 
3 3 3  

i I 
! P-43 ! 0.1776 I .89 

34-33 i OLiD I 0.15l.5 
3-35  P-43 0,166 I 

1 I 
.91 

-.- - )_ -I-I.-- --.-- .. 1 

Ohio River a t  Hmntii~gton, '7est Virginia ! 
i 

The coqpc-"isons ix l i ca t e  tha t  the sm13les taker, with the ORD s a q l e r  con- 
ta in  abo-.t 5 - 0  ner  sen-> l e s s  sediment than tihose take11 v i t h  the P-43 sampler, 
The informa-tion furci  shed does not indicate  the reasons for  t h i s  di screpmcy, 
If s ize  andyses  were available,  i t  might; be possible to estimate the e f f ec t  



of i n i t i d  inrush oil the sediment conceiltration of the ORE samples, ~fhich i s  
believed to be an importait factor.  On the other hand, as  s ta ted  i n  the re- 
por t ,  circulation through the P-43 sampler may have occurred due t o  delay i n  
closing the valve %feey the container was f u l l ,  thus resul t ing in .  a heavier 
than normal concentration i n  the P-43 samples, P f  the time of saqpliiig 
throughout the vertical. was based on the f i l l i n g  r ~ t e  a t  the bottom of the 
stream, i t  i s  very l i ke ly  tha t  c i rculat ion did take place a t  the higher 
levels  i n  the stream, because, the veloci t i e s  being higher, the container 
~rould be f i l l e d  i n  a shoyter time. The sampling time should have been gaged 
acsording to the s trearn velocity so that  the container vlou.ld be not qu i te  
f u l l  at the erzd of the sampling interval .  

The Huntington Dis t r ic t  suggests tha t  the air exhaust tube as well as 
the intake nozzle on the P ~ 4 3  sampler be pointed upstream i n  orcler to avoid 
c i rculat ion through the container a f t e r  i t  i s  f i l l e d ,  I t  uonld be desirable 
t o  have the sampler equippecl t o  automatically stop the sampling process an 
instm-t before the container i s  completely f i l l e d ,  %ut the method suggested 
by the Hui~tington Dis t r ic t  ~rould defeat the attempts that  have been made to 
develop ail in tegrat ing sanpler. This expedient ~#rould resu-lt i n  a uniform 
intake veloci ty  rather than one equal to the stream velocity,  a condition 
vliich i s  a,tta,ined i n  both the P-43 and I&-43 sarqlers.  

me e l ec t r i c&ly  operated t r i p ~ e r  devised by the iiuntington Di s t r i c t  i n  
August 1943 was used on the P-43 sampler during these f i e l d  tes t s .  The re- 
port  s t a t e s  tha t  i t  functioned sa t i s f ac to r i l y  exccl~t that  excessive vol tp-ge 
7.ras required. I t  i s  brought 0u.t tha t  with the e l ec t r i ca l  operation tbc 
s tmdard s t r e m  gaging r e e l ,  cable, and suspension bar could be used, which 
tile mcssciigor operated tripper does i10t ;)emit siilcc i t  uequ-ires a s p e c i d  
coaizcction 012 the s a ~ p l c ~ ,  The report  also s t a t e s  that  vdtb e l ec t r i ca l  
opsration, the sediment ssrpling could be done bj one m,m, t~hercas trro a rc  
r e q ~ i r e d  k~ i th  the present arrmgement. Tlie need for  imlyx~vement i n  the d-e- 
sign of the t a i l  f i n s  to n i i ~ i n i z e  the tendency for  the saq,ler to wetwe from 
side to side i s  also pointed out. In  t h i s  connection, i t  i s  believed tha t  
the streamlining of the en t i re  sampler body should be dec ideay  in-rovad. 

The nethod of co~~put ing  the sediment discharge in a stream fron da ta  
obtai:led v r i  th point-integrating smi!i3lers ar7-d stream gaging observatiol~s i n  
the Ohio Biver Division i s  i l l ~ s t r a t e d  o n  page F-3 of Appe1:di.x F. Sedinent 
sarq~les a24 velocity measurernei:ts arc t&en a t  unifarrn in te rva ls  of depth; 
i n  tllose t e s t s ,  0 -1  depth i ;z tervds irere used, k v e s  me p lo t ted  to  shot^ 
the sedinent concentration azd s t r ew  veloci ty  v i  th respect t o  depth. The 
sediment cEsc!iargc i a  -anif orm intervals  o f  the v c r t i  c,il axe then do terained 
by mil t iplyiag the depth by the groct"-ct of the sediment cozzcentration and 
the velocity indicated by the respective curves a t  the mid-ordiiiatcs of the 
intervals.  Tlie sum of the 1 oad iilcreincnts gives the t o  taJ. seclimcizt discharge 
a t  tile v c r t i c d  i n  question, E?is method i s  basical ly  correct vherc point- 
intcgr2,tcd sanplcs are  talcen, acd i t  i s  believed that  the r a s u l t ~ l t  deter- 
miilation of seCirnc~it discharge i s  as accuratz as tilc Sasc data, 

8. Field t e s t s  b:,~ tile U, S. Engilzeer Officc, Tulsa, Olrlalzoma--rrRcj?orts 
by the Tulsa Z i s t r i c t  Engineer Officc covering f i e l d  t e s t s  011 the 3-43 and 



P-43 samplers and coinparative t e s t s  with thc USDA Texas sampler and thc Vicks- 
bv-ug VSED horizontal toggle s a ~ p l c r  submi t t cd  2 May, 16 August, and 2 Sep tem- 
bcr 1944 are  compiled i n  bppendix G. The USDA Texas sampler i s  described on 
page 149 ail6 the Vicksburg sampler on page 138 iil Report No, 1 of the sedi- 
ment ser ies ,  The re la t ive  sediment concentrations taken with the various 
s a ~ p l e r s  i n  comparable t e s t s  covered i n  the Tulsa D i s t r i c t  rej?orts are  sun- 
n a i z e d  i n  Table 5. 

FIELD TESTS OW SEDI:.IEWT S,@IPLERS 
BY TEE U. S. E N G I W R  OFFIW, 

TUL SA , OKLA??OI '~  

Texas (at 0.6 depth)/&43 (integrated) 
Vicksburg ( a t  0.6 &el> th) /&43 (integrated) 
Vicksburg (AT. 3-6 points) / R 4 3  (inf;egrate&) 
Texas ( a t  /P-43 ( a t  sane p i n t )  
Vlcksburg ( a t  po in t ) /~ -43  ( a t  same point) 
Viclrsburg (AV, 3-6 points) /P-43 (AT, 3-6 ?oiiits) 
F-43 ( a t  0,6 dep tb) 133-43 (integrated) 
P-43 (AT. 3-6 points) /E-43 (integrated) 

The d ispar i ty  i n  t e s t s  with low concentrations was so great  i n  nay ill- 

stances as to 12reclude a f a i r  cor,ll;arison of the smplers .  !&erefore, the 
sedinest concentratioli values exi3ressed i n  l e s s  than two s i g n i f i c p ~ ~ t  f igures  
vere omitted i n  deriving the above smpling ra t ios .  

The ~1il .y  t e s t s  i n  these se r ies  i n  which s i s i l , a  s a q l i i i g  nethods were 
used and v~lzich, therefore, afford d i rec t  corqmrisons of the character is t ic  
salpler  actions are the t e s t s  on the Texas a t  a point and P-43 a t  the seae 
point the Vicksburg a t  a poiizt and the P-43 at the sme point,  The con- 
parisoil of point  s ~ - ~ p l e s  at 0-6 depth, or the average o f  3 to 6 points i i l  

the ve r t i ca l ,  with integrated, smples  from the D-43 sanpler i s  not basic,dly 
jxs t i f i e d  except as a qxali t a t ive  indi  cation, Zie sedinent concentration a t  
0,6 depth i s  not necessari ly represejltative of the averase sedirleiit discharge 
i n  the vertical .  Such a correlation ~iould be accurate only t~heii the sediment 
i s  uiiiforrily very f ine  and. unifornly dis t r ibuted i n  the v e r t i c d  , and the 
velocity a t  tha t  point  rej?rcsents the aean i n  the vertic,4,  Neither i s  the 
co~~par i soa  of the neaii of 3 to 6 poiat  s q l e s  i n  the vertic,d v i th  depth- 
integrated ~ t > ~ p l e s  s t r i c t l y  accurate .rithout weighting the point s a q l e s  rritli 
r e s p e c t t o  the veloci ty  dis t r ibut ion curve of the ver t ica l ,  Iiiasmcli as  the 
strew. ve1ocit.j exis t ing a t  each smpling poiiit VJWS not observed, t h i s  cor- 
rect ion could not be applied t o  the Qillsa sediment da ta  obtained with the 
poiilt s a ~ p l e r s .  



The Texas sampler i s  lowered to the sampling point with a stopper clos- 
ing  the intake whicli i s  ~rithckatim when the s q ~ l e  i s  to be taken. Conse- 
quent]-y, i n i t i a l  inrush occurs u n t i l  the inside and outside pressures are 
equalized. During t h i s  period, a sample of subnormal concentration i s  ob- 
tained. The intake being normal to the stream flow, some sediment p a r t i c l e s  
t r i l l  subsequelztly tesd also to be diverted from the i r  respective streamlines 
a s  they enter the smyler.  Also, since the container i s  not closed a f t e r  
the smple  i s  obtained, some additional sedinent v s i l l  enter the container as 
i t  i s  ra ised to the surface. Z?e error  of sanpling due to each of these 
possible sources i s  a function of the p a r t i c l e  s ize  and becozes inappreciable 
f o r  very f ine  sediments, but on the other hsrld nay r e su l t  i n  considerable 
e r ror  i f  the sediments a r e  coarse, The comparison of the Texas and P-43 san- 
p l c r s  indicates a s m p l i i ~ g  r a t i o  of 0.9'7, In view of the inherent s~-mpling 
e r rors  of the Texas sampler pointed out above, t h i s  correlation i s  coi1sidcred 
satisfactory.  Very probably the discrepancy trould have been greater  had the 
sedincnt pa r t i c l e s  been coarser. The only data subr,littcd to indicate trhat 
sedinent s izes  m r c  ~ n c o ~ t c r e d  i i ~  the Tulsa D i s t r i c t  t c s t s  arc those given 
i i ~  the report  of 2 September 1944, page G22. I11 thesc s a q l e s ,  the materials 
were predoninantly f i ne r  than 0-0625 mn, d imeter .  Figs. 12  arld 28 i n  Report 
No, 5 show that  sampling e r rors  due t o  deviations f ron normal intalrc ve loc i ty  
and angular approach to the intake becor-le r e l a t i ve ly  insignif icant  when thc 
pa r t i c l e s  are f i ne r  than d o u t  0.06 nn. I t  appears, therefore, tha t  thc sari- 

plirag e r rors  inherent i n  the Texas simpler under general coi~dit ions arc not 
re f lec ted  i n  thcsc con]?s~isons due to thc fineness of thc suspcndcd sediaent 
carr ied by thc strcar.ls at the Line thcsc t e s t s  were nadc, 

lfhile the Vicirsburg sm.pler t raps  instantaneous point sar;rples and the 
P-43 takes time-integrated samples a t  a point ,  the conparison of these in- 
struments i s  also sat isfactory,  the smpliizg r a t i o  being 1,03. The labora- 
tory t e s t s  described i n  Chapter 177 of Report Bo. 5 sholtr tha t  sone of the sedi- 
ment load carr ied by the flow f i l m e n t  which passes through the sampling tube 
of an instantaneous sampler, such as the Vicksb-ug, p r io r  to closing the 
valves w i l l  be deposited i n  the tube and, consequently, the concentration 
of sediment i n  the sample talcen w i l l  be higher than tha t  of the instantaneous 
f i lanent .  Hot~~ever, i f ,  as bras the case i n  these t e s t s ,  the sedilnent i s  very 
f ine and the Dause before springing the valves i s  short  the a ~ ~ o w l t  of excess 
sedirnent taken t r i l l  'oe minor. 

The other com~arisons i n  t h i s  se r ies  are of i n t e r e s t  only t o  indicate  
tha t  i n  streans cerryiiig very f ine  sedinent, neither the type of sample? nor 
the method of sampliilg are extrenely im3portant i n  obtaining sat isfactory 
samples of the sediment load. Howper, the convenierce and ease with dnich 
the smyler  perforns the operation, the select ion of smipling points i n  the 
s t r e m  cross section and the period o f  s a ~ p l i n g  are important considerations 
i n  assuring r e l i ab i e  sm.ples for  deterninatioa of complete accurate sedi- 
nent discharge hydrographs, 

Comenting on the physical features  of the D-43 s a q l e r ,  the Tulsa Dls- 
t r i c t  s t a t e s  that  the smpler  i s  eas i ly  h a d l e d  i n  and out of the water, but 
i t s  operation would be f c c i l i t a t e d  is high ve loc i t ies  i f  the weight were in- 
creased 15  t o  20 pounds. The sanple container i s  considered sa t i s fac tory ,  
the n i l k  bo t t l e  cap being found advantageous fo r  temporary iden t i f ica t ion  of 



the sample. %lie report s t a t e s  tha t  the sanp!.ing accuracy of the b43 sam- 
p l e r  rela.tive to that  of the Texas sampler does not j u s t i fy  discarding the 
l a t t e r  i n  favor of the D-43, Hoitrever, i t  i s  proposed to eqcip each regular 
sediment sampling par ty  i n  the D i s t r i c t  with one D-43 sampler as well as a 
Texas sampler. The report  suggests that  a wading type sampler be developed 
a s  considerable of the sediment sampling i n  the Tulsa D i s t r i c t  can be done 
by that  method. 

The Tulsa D i s t r i c t  r e i t e r a t e s  the suggestion of other reports on tke 
P-43 s,?mpler that  an e l ec t r i ca l  tr ipping device be subst i tuted for  the pre- 
sent  unsatisfactory mechaaical tr ipper and adds that  the cocking arrangement 
would be improved by eliminntion of the loose ?:!inding lrey. I t  i s  suggested 
also tha t  the v~eight of the smple r  should be increased to about 75 pounds, 
tha t  the smple r  should be a d q t e d  f o r  p i n t  milk 'bottle containers, and the 
mcchanicjl p s t s  made rcmov$ole for  protection while the smple r  i s  used as  
a depth-integrator. The Tulsa D i s t r i c t  considers the 9-43 sampler more 
p r ~ c t i c d .  than the P-43 as s t resns  i n  that  d i s t r i c t  ars not genord,2ly declses 
than 20 fcc t ,  

9. Field t e s t s  by tlie U. S. engineer Office, dlbuauerque, Xevr :Wexi..-- 
The resu l t s  of f i e l d  t e s t s  on sediment samplers conducted by the Albuquerque 
D i s t r i c t  Engineer Office, submitted i n  reports 5 May aild 16 October 1944, 
are given i n  Appendix H. Coqarat ive t e s t s  were made on the I)-43, USGS Colo- 
rado, USDA Far i s ,  md the Albuquerque wading sampler. The t e s t s  reported 
5 ;<lay vere made with the colZaboration of D r .  C. S. Howard of the U. S. Geo- 
log ica l  Survey. 

The Far is  smpler  i s  iden t ica l  with th2 Texas sampler used i i l  the Tulsa 
D i s t r i c t  and the USDA sanq3ler described 226 i l l u s t r a t e d  oil page 149 i n  Report 
I:o, 1. The Colora60 sampler i s  described oil tne sm.e page. Both smplers  
u t i l i z e  bo t t les  as  sarflple contaiiiers held upriglit i n  ineta1 frames. The Far is  
sample:. t&es a small neck bo t t l e  of 8-ounce capacity, v61ile the Colorado 
sampler tdces a 1-pint milk bot t le .  Additional mass i s  provided as needed 
by attaching soundil~g ~ e i g l i  t s  below the samplers, 130 th are provided 1.d th 
rubber stoppers. Sa113les are  collected with the Far is  saripler only a t  0.6 
depth. A t  the sznpling point ,  the stopper i11 the Faris smpler  i s  remove8 
by ;oulling a1 auxiliary hand 1i;ie. Tho roports do not specify 'now the Colo- 
rado sampler rras operated but i t  i s  assw~ed that  i t  was used. as a depth- 
integrator.  I n  modcratcly deep strc,ms, tho ve r t i ca l s  nre ia tcgrated both 
dov111 a id  up, but i n  deeper strs~.ms, the Colorado s,mpler i s  l o ~ ~ c r c d  t o  the 
bottom, opeilcd by clropping a mcsscngcr weight, and ra i se2  slowly to tIic 
surface ~ r h i l c  thc intcgratcd sarrrple i s  being t~&eu.  

Both tile Taris and Colorafio sm.plers are subject to  i n i t i d  inrush and 
t o  l o s s  of pa r t i c l e s  due to separation a t  tile normal-to-flov intakes, Be- 
cause the i l t d r e s  are large and do not r e s t r i c t  the passage of a i r ,  i t  i s  
believed that  the containers f i l l  very quickly. Sa.iples cznnot be tdzen 
closer trim 12 t d  16 inches from the stream bed, firtherrnore, since the in- 
tdze of the Faris sampler cznnot be closed ~uider wa*Yer, the s ~ a p l e  will. be 
contaminated by sediment f ron kiglier s t r a t a  of the s t ream du-e to c i rculat ion 



as the sa-npler i s  ra ised to the surface. The errors  due to a l l  these sources 
are functions of p a r t i c l e  s ize  and tend t o  become insignif icant  as the par- 
t i c l e s  become extremely small, but increase i n  importance vritn increasing 
coarseness of sedinents. 

The Albuquerque trading sampler was designed to meet a uniqiie probleg i n  
connection with sediment s a p l i n g  i n  streams of tho Albuquerque Di s t r i c t  
vhere thc drainage arca,s i a  gcncral are vcry steep,. tho runoff rapid,  tmd 
thc amount of' scdincnt, czrr ied by the ephencral s t rcaz~s,  o r  arroyos, i s  un- 
usually high. Concentrations of 25 per cent are comon, and i n  some in- 
st,anccs , s a ~ p l c s  have bccn takcn v r i  th conccntrations csccediiig 50 pcr cont, 
The run i n  the ephcncrd streams, trhicli nornally are dry or nearly so, rc- 
sul t ing fron heavy r a i n f a l l  i n  thc iiead~raters, usually occurs as a w c 4 1  of 
water with a turbulent t u b l i n g  front ,  The c rcs t  tc?Jres place i r ~ ~ c d i a t e l y  
&aftcr the f ron t ,  and the vr,.svc reccdcs grc,du~,lly i n  a perioil of a f c ~ r  minutes 
to 2- few hours. Thc f ron t  carries grcat  qua l t i t i c s  of vegetal matter, such 
as grnqs, wccds, pine nocdlcs, twigs, ,and cvca bralchcs o r  smd l  trces,  The 
s t r e m s  arc usu,Ql.g not  ifiore than 2 o r  3 f c c t  deep. 

In s i tuat ions  such as t h i s ,  i t  i s  imperative that  dischrrge xid sedi- 
ment measqrements be nade as  quickly as possible. O%viously, the most 
eqediei i t  trqy of ge t t ing  sediment smples  and making current meter !r,eas7=e- 
ments uider these coiicli tioiis i s  b;li trading into  the strean. To f a c i l i t a t e  
doing so, tho equipment must be l i g h t  and eas i ly  hmd:ed beczase frequently 
the obscrver t r i l l  be 011 iasccurc footing* 8114 i n  prccmious posit ions.  B e  
weight r711d ,2137 ~7pp~)ratus  i n  excess o f  tlmt required to s u p p ~ r t  the s2r1ple 
coiit,?jncr 2nd to provide proper f i l l i n g  charnc t e r i  s t i c s  i s  S-L cncuabrmcc 
to the obscrvcr. 

Bltliough thc 33-43 smplzr  trcs cot  iiztelidcd for  7.rndli:lg ~ ~ ~ i 3 l i ~ l g ,  thc 
Albuquerque Di s t r i c t  n t teqtcd.  to use i t  thnt trw. It  p o v c d  t o  bc exccs- 
sively heavy 8 ~ d  cwnbcrsonc. T4rc process of remopring a bo t t l e  f U 1  of sm- 
p l c ,  cqp ing  without sp i l l ing ,  replacing 2 new container, n~id closing the 
hcc?.dd vns extrenaly d i f f i c u l t  fo r  onc person xrithout t ~ ~ , d i r g  to shorc z f t e r  
cnch spccincn was tdccn. I n  the s t r c m ,  thcrc YV,S no op130rtuni ty to kncel 
o r  s i t ,  ?:ld the smplc r  could not be rcstcil on the strcr?m 'ocd tfnilc chrnging 
bot t les .  

In orccr to f i l l  tho ilccd f o r  a l i g h t  trcight smple r  s u i t ~ ? ~ b l c  fo r  tlicsc 
conditions, the Albun,uera_ue Dis t r ic t  bas constructed experinental hand 
sampler, s i n i l a r  to the Anderson-Zinstein sampler which i s  described i n  Re- 
por t  Xo, 1, page 151, A rounded rubber plug which supports the intake and 
a i r  exhaust tubes i s  f i t t e d  into the neclr of a 1-pint  ilk bot t le .  Bie 
bo t t l e  i s  c l s ~ p e d  h ~ r i z o n t z ~ l l y  i n  a metal f r m e  that  can be ~iloutlted on a 
current i ~ e t e r  wading rod by in te rcha~ging  vritli the current ze t a r  yoke. The 
pr incipal  features  of the D-43 samples are  incorporated i n  the Al.buqi~-erque 
vadi~ig sanpler insofzr as tho f i l l i n g  action i s  coxcerned, 3ut i t  has not 
yet  been dcterlnined l;~hctlior or not the iatdzc veloci ty  obtained i s  equal to 
the s t r c m  velocity, This sm-plcr has bcca found vcry convenient iil l i c l d  
experirncnts and with sornc improvcncnts i n  the dcsigil, i t  i s  believcd tnat  
t h i s  type has a dcfini  tc aiid p rac t ica l  aadal~tatioiz i n  tho f i c l d  of scdinent 
s a p l i n g .  The ileed fo r  sizch a smple r  was expressed also i n  the report  by 
the Tulsa Engineer Dis t r ic t ,  



I n  the la rger  s t r c m s  of the Albuquerque Di s t r i c t ,  such as the Rio 
Grande, Bio Puerco, a id  others,  r i s c s  i n  stage occur vcry rapidly with s i -  
mu1 tmcous recession of the r iver  bo t ton,  the bcd na t c r i a l  being sc t i n  
notion both as %cd-load aid  suspended load. Conversely, v~ i th  a f a l l i n g  

,3de the stage, the s t rean bed builds up rapidly. In :;ome reachas o f  tlle2ie Gr0- 
,aggregate e f fec t  i s  a. gradual aggradation of the stream bed which i i l  t ine  
threatens t o  in te r fe re  seriously with the operation of exis t ing locLd irri- 
gation pro jccts .  

Here again, i t  i s  importmt to make the discharge mcasuremcnt m d  col- 
l e c t  the sedinent saqplcs very quickly, tritkin a period of a few tenths foot  
ch'ange i n  stage i f  possible. Vhilc the 0-43 type sampler i s  considered 
ide,d Tor t h i s  type of :rork, where the smpl ing  i s  done f ron a c&l?l;,lc sar o r  
bridge, the ncccssi ty of rcmoving the s t r e w  g,?ging weight attxching the 
s,mplcr et each s ta t ion  en t a i l s  a considcrablc l o s s  ol" time v~hich i n  rnany 
instailccs precludes making a sa t i s fac tory  nctcr  ne,-tsurenent end si:mltancous 
s a p l i n g .  Furthernore, i t  i s  found vcry d i f f i c u l t  fo r  onc man, elcpecidly 
i f  a bottomless "it downH cable c a  i s  used, to bo t t les  without 
::pilling the s,?;n>le, sxd to d t c r n c t c  the s,uplcr and s t r c m  g ~ g i n g  weight. 
The ~aiorlc of sedinent s'mpling a t  c~.ble car s ta t ions  trould be considerably 
f a c i l i t a t e d  i f  equipped v i th  the If stand upt1 type of car. 

The Albuquerque Di s t r i c t  suggests tha t  the D-43 sampler be constructed 
suff ic ic i i t lg  heavy and s t r cml incd  so tha t  i t  can bc uscd i n  place of the 
regular strc,vn gaging  eight, tlius c l in inz t ing  the neccse? t y  of changing 
fron one to the other i n  a l ternntc  veloci ty  and scdincnt nv~~surcncnts.  I t  
i s  bclievcd thz t  i t  y~ould be en t i r e ly  practic2-blc t o  design n smplc r  of the 
5)-43 typc so cs  to acconplish t h i s  dud. purpose aritl~out sacr i f ic ing  i t s  
u t i l i t y  as  a smplcr .  I t  i s  believed <<so that  the proxinity of the current 
m t e r  ~rliecl would not h w c  a w  ncnsurnblc ndvcrsc e f f ec t  on the s n ~ p l i n g  
nction, Hot.rever, t h i s  opiilioll should be s u b s t ~ a t i ~ t c d  by tcs  t s  p r io r  to 
adoption of tlais typc of sa:lplcr. The s trcmlinin,-  could be acconplishcd 
;lost e f fec t ive ly  i f  the bo t t l c  wcrc reclined i n  n horizontal posit ion o r  
ncnrly so, thus perni t t ing synne tried sections tilroughout the leng th of 
the smpler.  However, i n  order to o b t ~ i n  ncxcly n f u l l  bo t t lc  of l i q u i d  
2nd to prevent l i qu id  fron running out vhcn the sxiplcr i s  r,dsccl in to  d r ,  
e i ther  end of the iilt,&e tube nust be a t  a higher l e ~ r e l  than the highest 
point  on thc inside of the bo t t lc ,  m d  the air eyhaust tube rwst be bent in- 
to  the topnost scgxcnt of the bo t t le  to pe rn i t  the f r cc  c s c ~ p  of air. These 
conditions ?re  acco~pl ishcd i n  the D-43 s~~f lp l c r  by i ~ c l i n i n g  the bo t t l e  so 
th2,t i t s  nouth, loc3,tcd a t  the highest point  i n  the bo t t lc ,  cpn bc reached 
by short str ,d$it  intrtlcc and air cxhmst tubes. Bo~~~cvcr ,  i n  doing so, i t  
u ~ . s  ncccs s sy  to depress the body of the s c ~ p l c r  md,  consequently, thc nost  
dcsir8ble s t r eml in ing  was not obtzincd. 

15th a head hinged as  i n  the r)-43 s a ~ p l e r ,  i t  would be d i f f i c u l t ,  ex- 
cept i n  r e r g  large smplers ,  to provide the most desirable shape of intake 
and ni r  exhaust tubes, which incidelltally should meet the requirement tha t  
the intake veloci ty  5e equd  to the s t r e ~ m  velocity,  and a t  the sme  time 
a t t a i n  the optimum s t reaml in ing  of the body. The l imited location of the 
hinge point probsbly w i l l  not permit tubes of the required length to swing 



i n  ,md out of the n,vrolrmcck bo t t l c  and out of the !ray sufficicii t ly not to  
in te r fe re  with changing bott les.  As a solution t o  t h i s  problem, i t  i s  sug- 
gested tliat s bo t t l e  recess cowl6 be provided i n  a cast  l ea6  or  babbit ne ta l  
body of the sm.e shape as the Colunbus type strean gaging weight. A molded 
rubber head tha t  v~ould conple te  the s t r ea l l i n ing  of the forvard end of the 
body could be f i t t e d  v i i  th i;ltalce and a i r  exhaust tubes. Both tubes sllould 
be of such shape as to perni t f i l l i n g  the bo t t le  nearly f u l l  and should be 
designed so as t o  insure an intake vcloci ty  equal to the s t r e m  velocity. 
The bo t t l e  would be inser ted in to  tile liead, the inaer  plug of viliich would 
f i t  snugly enough i n  tho tlouth of the bo t t l e  to holc? i t  while being placed 
i n  2nd renovcd fron the recess i n  the body, TI=e outer p2dg on the hcad 
trould f i t  tho opc-ring i n  thc sampler body rcccss so tha t  i t  can be squcczed 
i n  eas i ly  by had, and yet i t  should f i t  siiugly enough to bc held securely 
~ r h i l e  i n  opcration. lfhcn not used a s  a s~mple r ,  the rubber hcad and bo t t l o  
c o ~ l d  be replaced by a cast  lead plug to provide additional rieiglit i f  neces- 
s?ry f o r  s t r e x i  gaging, The bo t t l e  could be renoved i n  e i ther  horizontal  or 
incl ined posi t ions  without danger of sp i l l i ng  because i t  xrould cone 0v.t with 
and be sealed on to the rubber head. Corrugations o r  f inger holes molded i n  
the head nay be necessary to f a c i l i t a t e  i t s  renovcl f rog %lie bo t t l e  recess. 
Zie rzoldcd rubber head desigr, i s  l i n i t e d  to such co~id i t io r :~  of depth a i d  
s t r e a ~  velocf ty  as perni t the use of the siclple depth-integretiiig sanpler; 
i t  i s  not sv-ggested fo r  use irhcrc s t rean condi tioils require botton closing,  
o r  opening closing vslvcs, 

The r e su l t s  of the f i e l d  tes ta  on the E ' a i s ,  Colorado, iX43, and Ubu- 
querque wading sa~p lc r  s conducted by the Blbuqucrque I)i s t r i c t  i n  collc.bora- 
t ion with Dr .  C. S, Howard of the U, S. Gcologici?il Survey, reported 5 14ay  
1944, are  su,~narizcd i n  TabPo 7, 

A s  s ta ted  i n  the Albuquerque report ,  thc t c s t s  =e xiot swnficientl$ 
extcnsivo v~ i th  rcspcct to v8,riations i n  strean conditions t o  warrant drawing 
conclusions as to the accilracy of the B-43 or any otlicr smylc r  i n  tlie gro?zp, 
Hot~cvcr, the scdincnt coilcentrations obtc2incd ~:~i t lz  thc various s~gnplers i n  
thcsc t e s t s  indicatc  snt isfectory rmtu,d zigrcc!!cnt exceyt with thc Fzxis 
s ,?r~plcr,  which appc,ws to t ~ k c  smplcs  of coilsidcra%ly lov~er concciztrations 
thnn tho others, Tnis ch,?ractcristic i s  consistent with tho f a c t s  dctcr- 
mined i n  the labora,tory t e s t s  on the e f f ec t  of excessive intake veloci ty  and 
of angular approach t o  the intake, !The ins tan t  a f t e r  the Faris container i s  
uncorked, i n i t i a l  inrush takes place ~2itid during the en t i re  smplfng period, 
the intake filament enters the conteiner normal to the flo1~1 l i n e s  of the 
s t r e m ,  Both of these factors  contribute to a lo s s  of sediment, the e r ror  
being a function of the sediment s ize  sxd delsth of sajz~pling. Sediment s ize  
aiaJ.yses submitted with the report  indicate that  t l x  secliment i n  the Aninas 
River was r c l s t i ve ly  f i l e  ui  th only about 5 per cent coarser than 0,0625 nm. , 
v~lieroas i n  the Scan Juan River a t  Shipsock, 19 t o  52 per cent of thc sediment 
load was coxrser than 0,0625 mm, A 1  though the r c s ~ l  t s  ,?re 110 t coi i~lusive,  
i t  a133ezrs th2t tlic d.iscrepancy between the Fnris  and, D-43 samplcrs i s  soac- 
what grcatcr  with thc coarscr scdimeats. Obviously, as the scdimsnt par- 
t i c l c s  incrcasc i n  s ize ,  thc dis t r ibut ion i n  thc v c r t i c d  departs morc and 
more from uniformity and thc Faris s,mjlcr operating a t  0.6 depth would ob- 
ta in  a saaplc indicztilzg too 1-otr a concentration, as ~ ~ l l  as too low a per- 
cent,%e of co,mse p,wticles, 





T~Ihile the sampling errors  charac te r i s t ic  of the Faris sai??pler are a lso 
inhereat  i n  the Colorado River sampler, the t e s t s  rnade by the Albuquerque 
Dis t r ic t  oil the Colorado samyler are not inclicative. Hov~ever, i n  t e s t s  con- 
ducted by Ilr ,  Paul C. Benedict of the U, S. Geological Survey i n  1943, de- 
scribed i n  a report  en t i t l ed  'fFrelinilnary Field Tests of the US Sediment 
Smpling Zquipmeiit i n  the Colorado River Basin, "dated April 1944, samples 
taken t r i  th  the Colorado Siver sarnpler were consistently leaner than compara- 
ble  samples tdcen 74th th.e 3-43 sampler, I n  those tesi;s, 50 t o  80 per cent 
05 the sediment was coarser t h ~ n  0,0625 mm. diameter, 

The r e su l t s  of f i e l d  t e s t s  on the Far is  m d  19-43 sarrplers i n  the R i o  
Grande, reported by the Albuquerque Di s t r i c t  16 October 1944, are  sunaarized 
i n  TaUe 8. In these t e s t s ,  the mean sam-pling r a t i o  f o r  the Taris and D-43 
samplers i s  0.48, vhereas the se r ies  reported 5 Kay 1944 indicated a r a t i o  
of 0,91, The s ize  analyses show that  the sediments collected i n  the l a t e r  
se r ies  of smplcs  were considerably coarser than those taken i n  the e a r l i e r  
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t e s t s .  Gonscquently, i t  vrould be e q e c t e d  tha t  the F s r i s  sampler shou.ld 
show smaller concentrations , par  t i  c u l a r l  y iii the ranges of lai-e;er so3-imcnt 
p a r t i c l e s ,  Furtheirnore, i t  i s  s t a t e d  i n  the repor t  t h a t  the l a t e r  s e r i e s  of 
sami$es were t:dcen iil the Rio Grailde during the lotier por t ion  of the  rcces- 
s ion  of the spring silo~~-nel t per iod and t k a t  the suspended load origi i iated 
p r imar i ly  from l a t e r a l  o r  bed eros ioa  siiice there was l i t t l e  contr ibut ion 
from overland flow. I n  the l ig l i t  of t l ~ c s e  f a c t s ,  i t  i s  assumed t h a t  the 
suspended load contaiiied a l a r g e  proport ion of coarse matorial  and t h a t  the 
d i s t r ibu t ion  of srjdimest i n  a v e r t i c a l  llsrobably varied considerably from the 
surface to the bottom. fjndotr'otcdl3;, the s~sl3cilsioi1 near tho 5ottom was rnuch 
heavier  and coarser  than at the 0.6 depth, Thcrcforc, the Y a r i s  s m p l c s  
talceii a t  0.G depth would not be representa t ive  of the sediment concentrat ion 
throughout the vertic8,l. Icstead., they v~ould show a smaller t o t a l  concen- 
t r a t i o n  and a smaller percentage of l a rge  sediments than would. the D-43 
in tegra ted  sa~flples, The discrepancies i n  these corq~arisons t h e r e f o x ?  a r e  
due l a r g e l y  to  the d i f ference  i n  sanpling methods but  include a l s o  the ef- 
f e c t  of tile difference i n  sampler characteristics. 

Completc s i z e  analyses on almost a l l  of the samples talcen i n  these  
s e r i e s  of t e s t s  were submitted with the report.  The percentage of totzzl 
sample l y i n g  bctt~ccn the standard. d iv is ions  were tabulated f o r  a l l  the sarfl- 
y l c s  taken t r i  th both instruments iii each of the seven s c r i e s  of t e s t s ,  llhcn 
thcse -uercantages were ? l o t  tcd oil semi-log graphs, the curves shov~ed a defi- 
ciency ii i  a l l  s i ze  ranges i n  sazqlcs co l l ec ted  with tho Faris  sam2ler when 
co~r~parcd 1 4 t h  those obtained with tlie 33-43, Die l a r g e s t  pcrccntagc of t o t a l  
sa~np1.c takcn 16th the Far i s  sc~mplcr rras found i n  the s i z e  range 0,0312 to 
0.0625 am. , vrhorcas vri t h  the 2-43 sampler the l a r g e s t  percentage vras i n  the 
s i z e  rsnge 0,125 to  0.250 mm. These trends were cons i s t ea t  throughout the 
seven s e r i e s  of t e s t s  and a r e  shown graphical ly  i n  Fig. 5. 

These co.ril~3arisons, however, d id  not shov~ t h a t  tile actual  concentrat ion 
of sedi;nent i z  the D-43 samples ??as about 100 p e r  cent greater  than i n  the 
F a r i s  s a ~ l p l e s  the11 p a r t i c l e  s i z e  range i s  considered. The Albuquerque re- 
p o r t  s t a t e s  t h a t  the coiicentra,tions of seZ~iment i n  the lov~er  s i z e  ranges 
were not  ma te r i a l ly  d i f f e r e n t  'out t h a t  the D-43 sampler took considerably 
more sediment i n  the s i z e  ranges above 0.0312 mm, than d id  the Far i s ,  I n  
orcler to study the data  presented,  the fiifferences i n  amount of sediment 
foun.4 i n  the respective s i z e  rarages of sa iq~ les  taken 1::i t h  the tv~o samplers 
trcre d-ctermined f o r  each s e r i e s  of t e s ta .  The averages of these d i f fe rences  
f o r  the seven s e r i e s  of t c s t s ,  which a r c  shorm grsph ica l ly  i n  Ffg. 5, indi-  
ca te  tha t  the F a r i s  samiples 1,rcre 6e f ic icn t  i n  scclinci~t pa? t i c les  i n  a l l  s i z e  
ranges viiiich r;~ould normally bc e q e c t c d  i n  a sampler of the F a r l s  type oper- 
a t ed  as i t  11a.s i n  these t e s t s .  I n  the smaller s i ze  rsciges, the concentrat ions 
shovm i n  the Fayis samples nore nea r ly  equal those found i n  the C-43 sarq)les, 
the r a t i o  being about 0.75, Botrever, f o r  p a r t i c l e  s i z e s  &ore 0.0625 nx., 
the r a t i o  clecreases to about O,P2 f o r  a l l  material  l a r g e r  than 0 0 5  mm, I t  
appears evident  t h a t  a considerable p a r t  of the coarse material  p resen t  i n  
the D-43 sa rp les  was obtained. i n  the sec t ion  of the v e r t i c a l  belotr the 0.6 
depth v~hich obviously 7:rould not be ii~clud-ed i n  the F a r i s  samples, A 1  though 
the s a ~ l i i l g  eyrors  i i~herenf  i n  the Fai-is sampler would be represented i n  
these r e s u l t s  a l s o ,  tneg v~oxild have a l e s s e r  e f f e c t ,  no doubt, than the 
f a i l u r e  of tile s x ~ p l e r  to obta in  a rspresenta t ivo s a i q l c  i n  the v e r t i c a l ,  
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The value of the data from these t e s t s  ~rould have been grea t ly  enhanced 
and more spec i f ic  conclusions could have been reached i f  each ser ies  had 
been accoqanied by a corresponding se t  of t e s t s  with a point-integrating 
sampler scch as the B-43. Hov~ever, the t e s t s  c lear ly  demonstrate that  accu- 
ra te  r e su l t s  cannot be obtained by scampling at a s ingle  point  i n  the sanpling 
ver t ica l  when the sediment d i s t r ibu t ion  i s  not uniform. 

The d i f f i c u l t i e s  experienced i n  using the D-43 sampler under flood con- 
di t ions  are re i te ra ted  i n  the 1 6  October report, The problem of obtaining 
representative samples trhcn stream veloci t i e s  arc high, and a, heavy sediment 
load i s  carr ied,  together with grass,  roots ,  branches, and other debris ,  i s  
not s a t i s f ac to r i l y  solved by =any type of sampler now i n  existence. I t  1:rould 
be e q ~ ~ d l y  as d i f f i c u l t  to lovrer any other sampler on a suspension cable as 
i t  ~:rould be to lorrer the D-43 under these conditions, and clogging of the in- 
take or fouling of the sampler operation i s  jus t  as apt to occur with aiiy 
other type of saml?ler. 3espi t e  these d i f f i c u l t i e s ,  i t  1:rould seem extremely 
important to obtain sanples by whatever means i s  possible. If nothing but 
dip sa?ples c a i  be taken, these ~ h o u l d  by d.1 means be collected. Correla- 
t ion fac tors  determined for  any pa r t  of the sar:vling section or during any 
period of the flood hydrograpll v.rould be valuable i n  r e l a t i ng  the concentra- 
tions obtained from dip samples te tlie aver8ge c o ; ~ c e n t ~ a t i o i ~  i n  the v e r t i c d  
section. Uiidcr the conditions described, i t  night bc loss  d i f f i c u l t  to take 
scnl~les with the point-integrating sampler, P-43, thon v ~ i  th tlie C-43, 'ill~c 
F-43 coulcl be lowered quickly to thc s w l i n g  point alld the s,mple obtained 
before thc sampler d r i f t s  too fax dorrnstream. !~Tith the P-43 sampler, clog- 
ging of the intake could possibly be a l leviated by providing one of l a r g e r  
size and shortening the smpling time proportionately. 

I n  determining the sediment di  scharge of a stream, i t  i s  necessary to  
measure the s tre,m c l i  scharge as vrell as the sodimelit concentration. Condi- 
t ions which makc the sampling operation difficu2.t w i l l  i n  generzl tend &so 
t o  in te r fe re  with the operation of a current meter, Therefore, an a t tenpt  
t o  obtain greater  accuracy i n  sediment sampling than i s  possibLe i n  dis- 
charge measurements under corresponding conditions does not seem to be 
just i f ied.  

The statement i s  made i n  the Albuq~~erque report of 16 October that  
"Accuracy can be obtained only by obtaining the average of numerous s a q d e s  
rather than by accuracy of individual samples. '1 That 11ou3.d be true i f  the 
sampler and sampling procedure used -rere absolutely accurate, but i t  i s  not 
true i f  e r ro r s  a re  introduced c o ~ ~ s i s t e n t l y  by tlie par t icu la r  saapler or  the 
s e q l i n g  method used. 

The Lilbuquerque report expresses the need fo r  an i n t e g r a t i i i ~  sampler 
which v i i l  smLple the heavier .load of bed material near tile So t t o m  separate 
from the material t.lhicli moves as pa r t  of the bed. In  performing a sampling 
operation r r i  t h  the D-43 sampler, proper v~eight i s  given, theoret ical ly  a t  
l e a s t ,  to the sediment load a t  each point i n  the vertical. i n  proportion to  
the stream veloci ty  and presuniabiy t h i s  i s  true also i n  the region i l e a  tile 
bottom except ~ r i t h i n  the space 'oelov the nozzle when tlie sampler touches 
the stream bed, Tne trend of sediincnt var ia t ion trith depth near the bottom 
could bc determiiled t.ri th  a saq2ler of the P-43 type i f  a, study of t h i s  rela- 
t ion i s  desired. 

-3C- 



The Albpquerque repor t  s t a t e s  tha t  "No sampler, o the r  than a s inv le  
coiitainer to be dipped. by liaild, v i l l  be s a t i s f a c t o r y  f o r  rand-om observers,lt 
The U. S. Geologicall Survey i n  Iorra and the Bock I s l and  U. S. Esgineer Dis- 
t r i c t  have found a sa t i s fac to ry  s o l ~ r t i o n  to a s imi lar  s i  tuatioil  i n  t h e i r  co- 
operat ive sediment sampling program, Each regular sampling s t a t i o n  loca,ted 
at a bridge has  been equipped with a D-43 s a q l e r  avid a hand-operated r e e l  
housed i n  a box krith ope11 bottom, The equipmcnt i s  mounted on thc upstrc,un 
bridge r a i l  ovcr thc scmpliiig po in t ,  usua l ly  at the thalvreg or  the  center  
of dLischcargc of the stra,m. LocGd personnel have bcen cngaged to tnire the 
s m p l e s  regu lz r ly  one to tlircc tililcs da i ly  or  of tcner  on rnpiiily chcngi~ig 
stages m d  during floods. IJo d i f f i c u l t y  hcs bcen e q c r i c n c e d  i n  obta in ing 
pcrsonncl cnp2dble of learning thc s i q > l c  technique of o p c r ~ t i n ~  a dcpth- 
intcgrat i i lg sr?mplcr m d  s u f f i c i e n t l y  r c s p ~ n s i b l c  to do the rout ine  scmpling 
,-.ccording t o  n designated s c h c d ~ l c  of procedure. Addi tion,d sonplcs a r c  
col lcc tcd  from scvcr,zl, vcr t ic 'ds  i n  thc cross sec t ion  on dcys when discharge 
mccsurcrncnts CTC made and when s,m-ples ar,e picked up f o r  t r a n s f e r  to the 
l ~ ~ b o r n t o r y ,  usucI .1  tvricc monthly. Tbc sampling procedure and equipment 
uscd a rc  dcscribcd i n  d c t n i l  i n  Appendix B ~ m d  s,mpler i n s t a l l a t i o n s  a r e  
i l lx is t ra ted  by sever,il photogrqhs .  The same type of i n s t a l l a t i o n  may not 
be e n t i r e l y  p rac t i cab le  f o r  very remote sampling s t a t i o n s  such a s  perhaps 
are  necessary i n  the Albuquerque D i s t r i c t ,  but vllere the f a c i l i t i e s  cen be 
p-ovided, the personnel ~ ~ h o  ccm be depended upon to take dip seml~les un- 
doubtedly would be able and responsible enough to take samples a l so  with a 
depth-integrating samqler, l a  t h i s  connection, i t  i s  believed t h a t  a sub- 
standard dcpth-integrated. sanple .r.ro7;Ld bc more valuablc than a s o - c d l c d  
good ~ 8 . 1 1 2 1 ~  taken by an i n f c r i o s  mcthod. 

10, F ie ld  t e s t s  by the U, S. Engineer Office,  Sacreaento, Calirorzia-- 
B e  r e s u l t s  of f i e l d  t e s t s  conCiucted By the Sacramento D i s t r i c t  Zngineer C!f- 
f i c e  on the D-43 sampler and oa a depth-integrating sampler constructed by 
the D i s t r i c t  a r e  described i n  a repor t ,  " C o m ~ a r ~ t i v e  Sediment Sampling lrith 
U. S, Sedirnent Sa'ilpler D-43, ' 1  dated April 1944. The re13ort aypears i n  Appen- 
dix I. 

The Sacranento sediment sampler i s  s imi lar  to  tne so-c,dled Rock I s l and  
improved tirne-integrating sampl.er. The body of the sampler i s  ~ a d e  of a 
piecs  of ;?-inch copper tubing, encased i n  a l e rd  jacket  3/16 inch th ick ,  
~rliich serves as the saaple container. The head, made of bronze, i s  a t tached 
by screw threads and the sanplcr  h ~ s  only a v e r t i c a l  ta i l  vane. The in take  
nozzle, made of 118-inch ins ide  dinmeter copper t x b i ~ g ,  p r o j e c t s  2-1/4 inches 
foruard of tlie head. The air exhaust,  a l s o  a copper tube,  forms ,an i l iverted 
ZT atop tile sampler. tben a sample has been t&en, the head i s  removed and 
the saninle poured i n t o  another container,  i n  which process some sedinent may 
be l o s t  by adhering to the i n s i d e  r.ialls of the s,mple chanbcr. The sam-plcr 
i s  e a s i l y  and chexply constructed and has a weight of ahout 21 pourids, I b 
i s  operated as a depth-integrator, but  d?;-c to the shape aad y o s i t i o n  of tile 
in tdcc  a c l  ztir cxha;ust tubes,  i t  i s  doubtful t h a t  i n t 2 J ~ e  v e l o c i t y  cyxxal to  
s t rean ve loc i ty  i s  obtained. 



The r e s u l t s  of the comparative t e s t s  made by the Sacramento D i s t r i c t  
with the B-43 and Sacramento samplers a r e  given i n  Table 9. 
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The vide d iscrepa~ic ies  i n  sampiing r a t i o s  ind ica ted  by these compari- 
sons may be d m  to one o r  more of several  f ac to r s ,  The sediment concentra- 
t ions  were extremely lo~tr, and smzll va r i a t ions  i n  the suspended load occurring 
Setveer, the  sampling periods f o r  the respective: samplers would produce re la-  
t ive ly  1.arge va r ia t ions  i n  the sampling r a t i o s .  !.hen the sediment concentra- 
t ion  i n  the stream i s  low, the l o s s  of any p a r t i c l e s  which adhere to the 
ins ide  walls of the Sacramento s a q l e r  would have an appreciable e f f e c t  on 
the concentration indicated  by the analysis .  I t  i s  noted i n  the repor t  t h a t  
i n  Test ITo. IV, 3 samples Irere discarded because the sampler had not been 
properly cleaned p r i o r  to tcking the samples. A p a r t i c u l a r  sample might be 
surcharged u i t h  sediment l e f t  i n  the sampler from a previous operat ion,  o r  
i t  night  loose  scdirnent because p a r t i c l e s  remain i n  thc charcber when the sani- 
p l c  i s  poured out,  

The methocl used i n  analyzing the s s n ~ ~ l e s  i n  these t e s t s  i s  also subject  
to e r ro r s  aad may i n  t h i s  case bc the p r inc ipa l  cause of the wide v a r i a t i o n  
iil saxplin;,. r a t i o s ,  I t  i s  no tcd i a  ths r cpor t  tha t  only a f r a c t i o n  of each 
san~3.e was analyzed f o r  secliment content. The sm131c was s t i r r e d  thoroughly 
bx rccr:ns o f  aa c l c c t r i c  mixcr and. then thc spccimcn fo r  t1-.c analys is  r:ms 



dram off with a pipet te .  I t  i s  bklieved to be v i r tua l ly  impossible to ac- 
curately divide a sample of water-sediment mixture by th i s  method, pr,rticu- 
larl jr  i f  the sediments are coarser than f ine  s i l t ,  The en t i r e  sample should 
be used iii the analysis. The drying process could be shortened by decanting 
as  much of the c lear  l i qu id  as possible a f t e r  a l lo~r ing  a considerable ~7eriod 
f o r  tlie se6imezt to s e t t l e ,  The balance o f  the liquicl. sliould then be evapo- 
rated,  correcting the vei@it of resicluc f o r  dissolved so l ids ,  o r  a11 the 
l i qu id  could be f i l t e r e d  through a Gooch crucible, 

Sacramento Dis t r ic t  report indicates tha t  the 38-13. C-43 sampler 
i s  well sui ted f o r  g c s e r d  use and that  the 1-pint milk bo t t le  i s  sa t isfac-  
tory as a sai12le container, 

11. Field t e s t s  by the U. S, Engineer Office, Cincinnati,  Oh&--Corn- 
pars t ivc  f i e l d  t c s t s  v i th  the D-43 and Ohio River Division samplers conducted 
by the Cincinnati D i s t r i c t  Engineer Office arc described i n  a report ,  "Field 
Tests of U. S. Sediment Sampler 13-43," 12 June 1944, which appears as P,ppcn- 
dix J. The 0-SI) sampler, which i s  uscd i n  all  routine sediinent sampling i n  
the Ohio River Divi,sion, tras described i n  the discussion of f i e l d  t c s t s  by 
the Euntington Engineer Dis t r ic t .  However, the OXD sampler uscd I n  the Ci l i -  
c innati  D i s t r i c t  t c s t s  was operated by messenger weights and not by ,an 
electromagnet as i n  the Huntington Di s t r i c t  t es t s ,  The Cincinnati Dis t r ic t  
made only one se r i e s  of t e s t s  fo r  comparing the sediment concentration i n  
smples  taken under similar conditions wi th  the I!-43 and O2D samplers. 
Tvrenty- tvro depth-integrated samples uere take;? i n  a single ver t ica l  i r i  t h  the 
D-43 sampl-er. Thirteen point s ~ i e s  rrere taken with the ORD sampler at a 
ver t ica l  8 f e e t  d i s t an t ,  two s e t s  a t  0.2 and 0,8 depth, and one se t  a t  each 
tenth-foot in te rva l  i n  the ver t ica l  to 0.88 depth, The da ta  derived from 
these t e s t s  indicate prac t ica l ly  identical. sediment concentrations caught 

samplers, the mean sampling r a t i o ,  O R D / T P ~ ~ ,  for  the en t i r e  s e r i e s  
For the se r ies  of point  ssmples taken at tenth-foot in te rva ls  

responding 1)-43 integrated samples the r a t i o  i s  1.00, The mean 
s ize  analyses obtained with both samplers are also i n  close agreement. 

The v i r tua l  agreement i n  the performance of the tvo sm9le r s  indicated 
by these data  does not necessarily prove tha t  one i s  equally as  accurate as  
the other. During the i n i t i a l  inrush period, the OED saiipler would tend to 
draw l e s s  than the ei:isting sediment concentration, whereas during the bale- 
ance of the sam--ling period, i t  ~rould draw a proportionately heavier concen- 
t ra t ion  than ex i s t s  a t  the sarfi;3lil?g point. These e r rors  are compensatory to 
a degree; the forner decreases i n  re la t ion  t o  increasing stream veloci ty ,  
avheretts the l a t t e r  i;icreases, 30 t!: errors  decrease t r i  t h  decreasing sediment 
size. b e  s ize  analyses of selected sam-pies from these t e s t s  show tha t  the 
sediment was extremely f ine;  i n  a l l  cases l e s s  than 1 per cent was coarser 
than 0.053 me  Ii'urtiiernore, the velocity =d sedililcnt d i s t r ibu t ions  i11 tile 
ver t ica l  do  ere both very xniforn. Under these conditions, the faultjr features  
of the 0191) sampler v~ould ]lot be ref lected i n  the resu l t s .  

Tne Cincinnati D i s t r i c t  suggests tfnat the 3-43 s,;,!plcr be ad::pted f o r  3, 
p in t  or quart saii~ple container of the wide rnoutln f r u i t  jar type and that  



the ueight of the sampler be increased to LOO pounds, A modification of the 
hanger attachment i s  h s o  suggested to permit ti-pyirzg the sampler upright so 
a s  t o  f a c i l i t a t e  changing the container, An expedient method by which an 
observer can eas i ly  change the sar1111le container d o n e  i s  discussed i n  Appen- 
dix B, Inasmuch as power-driven hois t ing equipment i s  used, the heavier sam- 
p l e r  could be handled without c t i f f i c ~ l t y .  me  r iver  d-epths a t  most of the 
sampling s ta t ions  are  greater  thail 19 f e e t  ,and, therefore,  the depth-i~itegrat- 
ing samples should 50 equipped ~ r i t l i  a bottom closiiig or bottom opciling device 
which would permit sampling to depths of about 38 fcet .  l,l?ere the depths arc  
greater than 38 f e e t ,  1111ich i s  frequently the case i n  t h i s  area,  a point- 
integrating sanplcr vi th pressure equ-alizing chamber shoulcl, be used. I n  view 
o f  the preponderance of depths greater than 19 f ce t  i n  the Cincinnati D i s t r i c t ,  
i t  appears tha t  a poinbilltegratiizg sampler of the P-43 type with indicated 
iml?rovemcnts vrould prove more feasible  t h m  a depth-integrating sampler be- 
c:)usc i t  could be use6 to take both goint- and deyth-intcgratcd s%r~ples. 

12. Field t e s t s  by the U. So En;:inccr Office, Bock Island, 11-Iiiiois-- 
The resu l t s  of fFcld t e s t s  conductcd by thc Roclv Island Znginccr D i s t r i c t  
fo r  comparisoi~ of the sampling character is t ics  of the 0-43 a ~ d  the Rock 
Island s i~ lp l f  f i c d  time-integrating samqlers were i-cpor tcd i n  a l c  t t c r  dated 
25 A U . ~ S ~  1944 which appcars i n  Ap2ciidix K. The Rock Island sampler i s  
dcscri'ucd a d  i l lus t ra tcct  on paage 156 i n  Report Bo. 1 of the sediment study 
ser ics ,  s a q l e  cont&iler i s  a cyli?liiricaJ. recess formed by a brass pipe 
encased i n  a streamlined leacl shel l .  The forlrard elid i s  closed except fo r  
a 1/4-inch brass iiltake tube, while a removable brass cap \\ii th ve r t i ca l  t a i l  
vane attached s e d s  the downstreal end. Vertical vanes are attached also 
above and belovr the body of the smpler ,  In  Report -the 1, the sampler i s  
shown trith horizontal vanes a lso,  but t c s t s  have been made recently ~liiich 
indicate  improved oj2eration vrheii those are  removeds Pres~~mably,  t h i s  change 
has been made on dl the samplers now i n  use, >!i th these f i n s  renoved, the 
saml2l-cr exhibi ts  l e s s  tendelicy to point i n  the cfLirectiorn of t r a n s i t  and thus 
reduces the poss ib i l i t y  of the int&e nosing into  the stream bed v~hlon reach- 
ing the bottom, The intake on thc! Rock Island sampler, i l l u s t r a t e d  i n  Re- 
por t  No, 1 ,  was a l /&inch brass tube faced off f lush  v ~ i  t11 the upstream end 
of the body, but ,  subsequently, each sampler has been equipped with a 
1 / 4 i n c h  brass int8ke nozzle extending 1 inch fortrard of tne body. a i r  
exhaust i s  tt brass vent cock trihich. points do*ns t rem to provide suction f c r  
evncuztion of a i r  from the sampler, 3y adjustmeilt of the cock, the r a t e  or" 
a i r  f lov~, azzd consequently the r a t e  of f i l l i n g ,  i s  controlled. 19?e weight 
of th i s  sampler i s  about 28 pounds. 

Tho Bocli: I s l m d  sampler i s  operated as  a dcptk-integrator. I t  i s  
loviered a t  a uvliform r a t e  to the stream bed s ~ d  ra ised cgai n 2t a uniform 
r a t e  to the surface, Tlzc rear  cap i s  removed and the sample poured. i n to  2 
glass  f r u i t  j a r  fo r  sliipment to the lc%oratory, During tlic t ransfer ,  the 
opcrntor holds a finger over the intake nozzle to prevent the s~1nplc running 
out,  shaking the sampler periodicSLly to ag i ta te  the l i qu id  so as t o  ~1~void 
lo s s  of sediment by adherence to the inside tra.lls of the containor, Even 
though these precautions are taken, i t  i s  prac t ica l ly  impoosiblc to f lush  



a l l  the sediment out  of the ic take  tube and forv~ard eild of the sample recess. 
Aside from the l o s s  of sediment during the tr,msfer of the sainyle, the re- 
su l  t s  obtained with the Bock Isla.i?ild sampler should be f a i r l y  comparable with 
those of the C-43, provided the f i l l i n g  r a t e  can be adjusted to equal the 
stream velocity,  

The r e s u l t s  of the comparative t e s t s  made with the Rock Is land and D-43 
samplers are  summarized i n  Table 10, 

S W Y  OF FIELD mSTS ON SEDIMEWT SAI~iPLXRS 
S Y  THE U, S, ElIGIlW&R OFE'IGE, ROCK ISL&UB, ILLIITOIS 

, Sediment i 

I Sampling j 1 Concentration 
Date Locatioli p.p.m. ; R a t i o  i I 

1 - i_p_l____ 

I i P , I / D - ~ ~  I i R I  D-43 I i I 
---. .- - . - - ! -- .---- - . -.- . --.- -. -----.-------I-------.-. ..----------i-- -- - - i 

5/12/45 Xississi-ppi River at Dubuque 32.0 47.2 .68 j 
5/18/43 24ississippi River at Dubuque 75,6 i 88.5 1 .85 j 

: i j ! I 

5/12/43 ' \fapsipinicon River at De !fi t t  106.8 
5/18/43 Vapsipinicon River at De 7?itt 
5/25/43 / ?fapsipinicon River at Dc T!itt 256.3 
5/25/43 , I~zpsipinicon Rivcr at De Y i t t  , 
5/25/43 i Ilapsipiiiico-.~ River at Dc I J i t t  i 268.9 

I I 
7/31/43 Io~qa, g ive r  st North Liber ty  607.1* 1 574.3* 1 1.06 1 

I I I 

7/31/43 i Iowa River  at Iowa City 1 ! 313.6" i 
1 i 

i i 
I 

I I Me an 
i . . - -- . , .- -. .------ .- -. - - - -- - ! ,.-.---. -i 1 -.-- .' 

"Mean of 5 samples 

In  all  of these compsrisons where s i z e  analyses a re  given, saTx the 
Niss iss ippi  River t e s t  1 2  :<lay 1943, the nocl; Is land s m p l c r  consis tent ly  
shov~cd a g r ea t e r  proport ion of scdinent l a rge r  than 0.071 am, than d id  tne 
I!-43 sttlnplcr, Pf the scdimeilt f r ac t ions  l a rge r  than 0.074 rm, a rc  excluded, 
the mem. sa~npling r a t i o  bccomcs 1.04 instes.& of l , L 3 ,  The repor t  s t a t e s  
t ha t  both samplers touched the bottom of the strcar~l on every t e s t .  'Incse 
f a c t s  suggest the p o s s i b i l i t y  t ha t  the Bock I s t m ~ d  s m p l c r  may !lave td:en 
i n  ail excessive proport ion of tho material i n  suspension imrncdiatcly above 
the stream bed. T11c sampler may havc s t i r r e d  up the bed-load, o r  ths i i i t d ~ c  
nozzle havc nosed i n to  the bed material.  f f  the air exhaust vas r e s t r i c t -  
ed so as  to  r e t a r d  tho f i l l i n g  r a t e  r;spprcciably, t h i s  would tcild also to  in- 
crease the -proportion of coarse s~di~;loizt  i l l  the smplos .  Further investi-  



gation of these ?ossible sources of error  should be made and a correla t ion 
factor  determined for  sediment data already obtained v i t l ~  the Rock Island 
sampler. 

13. X e l d  t e s t s  by the U. S, Engineer Office, Omaha, Nebraska-Field 
t e s t s  conducted by the Omaha Engiiieer D i s t r i c t  for  conperison of sampling 
character is t ics  of the C-43 sampler vrith those of various O m a h a  samplers 
are described i n  reports dated 1 3  Iqarch, 27 Apr%f, and 29 %e;?tember 1944, 
which api)ear ir, Appendix L, The r e su l t s  of a few t e s t s  with the P-43 scm- 
p l c r  zrc also given i n  the report  of 29 September. 

The regular Omaha smplcr  i s  a hollov~, s t r e a ~ l i n e d  cast  s t ee l  she l l  
with attached vc r t i ca l  and horizontal f i n s  and a hoisting bracket. k re- 
cess oyc:2 to the top i s  provided f o r  a one-pint g lass  sample jar .  The r e s t  
of the s!1cl1 i s  f i l l c d  with lead to give a total. weight of 38 to 50 pounds, 
The s~mp1.c j a r  has a cast  brass ,  screvr cover rcii  t h  a v c r t i c d  intdcc,  f lush  
v i th  t5.c top surface, mcl an ,air exhaust tube vhich pro jcc t s  vcr t ico l ly  
about 1-1/2 iiiches. Thc end of the e i r  exhaust tu'oc has a 60' bcvcl on the 
dovrnstrem side. A cork, g ~ i d e d  by a central  stud mounted on tho under s ide 
of t l ~ c  cover, f l o a t s  on tilt surface of the t,ratcF smplc  cad closes both the 
int?.kc a ~ d  a i r  cxhcust ~ihcil the j a r  i s  f u l l ,  Sii~ce no other vd.vc i s  pro- 
vided on e i the r  passage, some wntcr i s  tL2kcn i n  ns thc sLmplor i s  I.ol.~ercd 
to i t s  soapling position. 

'il~e Omaha sampler i s  operated as a poiat-integrator,  al thougl~ the sam- 
p l e s  obviously a r e  contaminated by iaflow fron higher s t r a t a  dcring the 
descent to the sampling point, Three samples are taken i n  ve r t i ca l s  l e s s  
than 10 f ee t  deep, and f ive are taken i n  ve r t i ca l s  Inore than 10 f e e t  deep, 
a t  depths selected to obtain average valu-es of sediment concentration i n  
tlze ver t icals .  The ve r t i ca l s  arc  located a t  mid-ordinates of segmelits 
carrying ogual discharge i n  the cross section,  the number of scgmcnts de- 
pending upon the width of the st," rnam. 

One of the Omaha samplers has been f i t t e d  9ri th an extension of the in- 
take tube v111ich f s pointed forward a t  about 3 inches above the body of the 
sampler. The a i r  edlatmt tube i s  si.!nilaxly pointed dov~nstseam a t  about the 
sane level.  Eacl~ tu3e i s  provided ui th  a shut-off cock which can be closed 
against &I opposing spring and locked with a catch. ?hen the catch i s  re- 
leased by energiziilg a, sinall solenoid, both cocks are throtrr, open by the 
spring. The valves can be closed only manually. This instrument hcs been 
designated the n ins  tantancousn Omaha s m ~ ~ l e r  to dist inguish i t  from the 
c &I.l"lL22' . 

The iiistcntaneous Omaha smplcr  i s  operated i n  the sailc manner as  the 
rc,-ular c:rcept tha t  the v,aJ,vcs are  kept closed while i t  i s  lovercd to the 
senpliiig posi t ion,  then opcncd by the c l cc t r i ca l  tripl3er. ;'fi.th t'no opcning 
of t'w v,dves thc usual i n i t i a l  inrush takes place a f t e r  1.rhich the sampling 
continues a",, slolrcr rn tc  u n t i l  thc intc71ce tube i s  closed by tlnc cork f loa t .  
TJbc il~talzc nozzle 2nd the a i r  cxh~.ust of the instr,nt~,ncous Omaha s a ~ p l c r  arc  
cxyosed t o  the f l o ~ r  l i n ~ s  i n  a stream r,qproximately the stmc 3,s tlzose of tho 



B-43 sampler, except for  Yneir posit ion r e l a t i ve  to the body of the sampler. 
Pf the former were operated as  a depth-integrating s a ~ q l e r  aiid i t s  iiitake 
veloci ty  Here equal to the stream ve3,oci ty ,  vdiich i s  uncertain,  sm-ples 
taken t ~ i  th i t  should be comparable 161i th those taken v i  t h  the E-43 under 
similar conditions, 

Another Oma%a sampler has beep f i t t e d  14 th  a 3/16-inch intake tube 
which faces into  the current, The s ~ s q l i n g  point i s  located about 2-1/2 
iiichcs above and 4 inches forward of the intc&e o r i f i ce  i n  tlie regular Gmaha 
sarpl  er. The air exhaust tube i s  about 4 inches high ancl. beveled downstream 
at the top, Neither tlie iatalce nor the a i r  exhaust tgbe i s  equipped t r i  t h  a 
c l o s i ~ g  device other t h w  the r e ,p l a r  cork f loa t .  This instrurncilt v~hich i s  
designated the vgmodifiedtt Omaha sampler, i s  operated i n  the same manner as 
the regular, 

Lkrring tlie summer of 1943, the Omaha Di s t r i c t  used the D-43 smple r  and 
the regular Omaha, sarnpler concurrently i n  f i e l d  operations a t  several. sm- 
pLing s ta t ions  t o  compare the i r  performance. Consecutive samples vere taken 
with the two instruments, one following the other as qzickly as possible. 
I n  addition to these general comparisons, seven special se r ies  of s ix  to ten 
samples tlere taken with each sanpler i n  the iiissouri giver a t  Omaha, Both 
the 1/%-inch a id  3116-inch nozzles vrere usocl i n  the P 4 3  smples  and the re- 
s u l t s  Irere coripaed separately with the regular Omaha swp lc r ,  m e  r e su l t s  
of these t e s t s  trere submitted I n  a l e t t e r  to the Office, Chief sf Zngineers, 
dated 1 3  I/Iarch 1944, subject: flBe:2orC of Comparisoa of S i l t  Samples," 3l3DE, 
and subsequent indorsements which a1)peax i n  Appeiadi:~ L, pages L-2 to L-13, 
inclusive. Tl~e data  a re  summarized i n  Table 11, 

Several corqarative t e s t s  were made with the instantaneous Omaha sm- 
p l e r  also during the regular sampling prograrfi, the r e su l t s  o f  v~liicli had not 
been ~na lyzed  f o r  submission with the report  of 13 March 1944, A subsequent 
analysis of the data indicates thc comparisons shotm i n  Ta'ole 12. 

Thcse data indicate that  samples talcen 1 4 t h  the O m a h a  regular and in- 
s tant,meous Omaha sm1)lcrs contain more sediment than t lose  t&cn 11i t h  the 
I?-43 sampler despite the f a c t  that  i n i t i a l  inrush riould tend to malre tiie 
O m a h a  sm-plers lose  same sedixent, The degree of e r ror  h e  to t h i s  source 
vrould decrease w i  tli decreasing pa r t i c l e  s izes  and i t  i s  yossible that  sedi- 
ments i n  those samples ?rere so f ine  as  to reduce the errol- to ins ignif icant  
proportions. 111 dl three se r ies  of coq~a r i soas ,  the regular O r n a h a  sampler 
caught greater sediment concentrations than did the 8-43 sampler, no t w i  th- 
stasding ti?e f a c t  thet  i n i t i a l  inrush, the coataminstion of the sample by 
inflow ~:11iile being lo~~erec l  t o  tl:e ss.r!~li :~g poin t ,  and the normal-to-streaq 
iiitalre vrould tend to produce the opl2osi t e  e f fec t ,  

The comparative t e s t s  on the Onaha ~ n d  3-43 snmlYLers were continued 
during the summer 0;' 1944 under a uidc var ie ty  of stroam conditione, Ync 
so-cc-Jlcd Omaha aodificd simpler tias used also i n  these tes t s .  The r e su l t s  
werc su3mi t t cd  i n  a report  to the D i s t r i c t  S i ~ g i n e c ~ ,  St. P2u.1, Minnesota, 
dated 29 Septombcr 1944, t~~liich appears i n  Appendix L , pages L-14 to 2-r48, 
inclusive,  together t r i  ti1 a partial.  rcport on coc~parative tcs  t s  v r i  t h  the 
polnt-intcgrati:ig P-43, aild the l-emlax Omaha samplers. 



TABLE El 

SUbE.lBY OF FIELD TESTS ON SJ3DIi~m$F S&.PLERS DDURIiTG 1943 
BY El3 U. S. E N G I ~ ~  OFF1 CX, OPUBA, 2Q3aSIU 

j Date I 
1 Sampler 

i I 
; 

% - - -- .- . . - 

Omaha 
D-43, 1/8-in, nozzle  

O m a h a  
33-43, 3/16-in, nozzle 

Onaha 
D-43, 1/3-in, nozzle 

O m a h a  
D-43, 118-in, nozzle  

O m a h a  
&43, 3116-in. nozzle  

Omaha 
D-43, 3/16-in. nozzle 

Onaha 
D-43, 3116-in. nozzle  

Omaha 
I?-43, 3/16-in. nozzle  

--- 
' Nean i i 
1 Sediment , Sampling 
I Concen- Rat!.o 

Of Tes ts :  t r a t i o n  I 0maha/3-43 
/g rams / l i  t e r  1 

i j i 
I 1 

Mean = 
I - -',..-- -- 

*Samples talcen concurren t ly  v ~ i  t h  r egu la r  sampling ;?rogr,?m. 

---.-,*.--.,--..--- - -.-.---..--. ^ _ _--- .-_.: 

f ! Number Sampl i ng t 
i Sampler ! of Tes ts  1 
/ i_i__..i__ .-. 

Rat io  
-_=-. _:__?._- -?_:=_._.___._. .&. ..-_:_=_:__- =_-_ ._=.=.--__. - . - -_-- ." - -.- .- . . ..... 

I 
i i 1 ~ n ~ k i a / ~ m a h s  ( ~ n s t , )  1 43 1 ,06  
f ! 

! 
0n&a/I!-43 

1 
i I 53 1,06 , i; 

; i 1 



A, feu  t e s t s  were made v r i  th the iP-43 and the Omaha regular and modified 
samplers i n  ident ical  operation procedures. In some pa ra l l e l  t e s t s  the 
Omaha samplers were used as depth-integrators i n  the manner prescribed f o r  
the IZ-43, while i n  other t e s t s  the b 4 3  sampler was used as  a point  samples 
in the manner adopted for  operating the Omd~a samplers, Hovever, i n  the 
majoritj. of  t e s t s  the samplers were operated by the respective methods 
adopted f o r  t he i r  use and tfieroI"ore the r e su l t s  arc  not s t r i c t l y  indicat ive 
of the r e l a t i ve  sampling char~ .c tc r i s t ics  of the samplers, Concealed i n  
these r e su l t s  i s  also the intangible of fcc t  of the difference i n  tnc method 
of szmpling ~ ~ h ~ c b  cannot bc segregated from that  o f  the differcnccs i n  sam- 
p l ing  action inherent i n  the samplers themselves, 

'%he sampling r a t i o s  indicated by cornparable t e s t s  i n  the 1944 se r i e s  
are given i n  Table 13, 

S ~ . ' I l J a Y  OF FIEID mSTS CIT SSDP:Z;TT SALiPL3RS DURING 1344 
3Y TEE U. S , EI\I:GIiEER OFF1 CE , OBIAHA, ?BZ%SKA. 

i-*----- -. --.PC --PIC-.-.-- 

/ Smlpl e r s  Remarks 

/ Omaha/~maha Hod. 14 1 0.93 j Methods compar2,ble but not 
1 i sWlpling action 1 ~rnaha*/om~a  NO^. 1 10 1.08 do. 

I 
I ! I 

i 
i 

I ! ! 1 
1 Omaha ilod,/~)-43 1 24 1 2  XJei ther method nor sx-ql ing 

i 
I 

i I 
action co~?ctr,~?.ble 

Omaha/ D-43 I 14  1 1,14 do , 

I 0xaiia*/&43 i 10 1,32 i do, 
i ---- --.pv---- II1 L .. ------ -- -.a=----*-.- 

* ? l o  a t  inverted i n  Omaha samples, 

These t e s t s  confirm the resu l t s  of the 1913 ser ies  i n  indicating tha t  
samples talcen 1Ath the regular Omaha sampler contain greater  coacer1trations 
of sediment than do comparable samples taken v i  th the B-43 saqpler, The 
data arc not suf f i  cielztly complete to determine t111lat proportions of the dis- 
crepancies might be due to the differences i n  sampling methods and how much 
i s  due to Yne differerices i n  the action of the samplers themselves, 

Tlic Omaha report  of 13  March 1944 s t a t e s  that  samples are  taken rrith 
thc Omaha sainpler a t  points i n  the ve r t i ca l  located so that  the composite 
sazplc ~417, indicate thc avcragc sedincn t concentration, Inasmch as equal. 
volmes of sanple arc? t&en a t  a l l  ti?e sm-pling points ,  thc respective sam- 
ples  should be taken a t  centroids o f  zqual discharge, Presumably t h i s  i s  
the method used iil the 0mEilr.a Dis t r ic t ,  I f  i t  i s  not ,  a considerable e r ro r  
may be introduced i n  cor?bil~in;; the p o i ~ t  samples aild assuming that  the com- 
posi te  rcprcsciits tbc mean scdi!~cnt conccntration i n  the ver t ica l .  Tnc 



e r r o r  would increase  as the sediment concentrat ion and ve loc i ty  i n  the  ver- 
t i c a l  devia te  from uniform d i s t r i b u t i o n s  a i d  as the sampling p o i n t s  clelsart 
frorn the cent roids  of equal 118,ter d i  scharge, 

The r e s u l t s  obtained i i l  the comparison of the point- and depth-integrat- 
ing  methods of sampling with the Omaha and 13-43 samplers a re  shovm i n  
Table 14. 

---- ..---*---- - .-,--,---.--. * -  .. ." l--..-.--p --.̂ -.. I----. I 

i 
1 Sanplers j Sar~pl i ng i Uumber of i S a ~ p l i n g  
1 Tested Me tho d Corg2ari sons I Ra t io  1- 1.2--z-.---.-.---=..--___- __-__.______-.-_____..-~-~.~._.._I_.__._____ i -- .L __._. _ - 
i 

, Omaha Reg. 
! Ornaha Hod. 
i D-43 
I 

1 1 i Me an 
I 

i 
, . 

i *- -- i- - -. & 
i I 

i O m a h a ~ e g , / ~ . 4 3  1 Point  6 1,18 
/ Omaha ~eg./D-43 I In tegra t ing  4 1 I..lL 
2 I j { I I I 14e an 1 1,15 

I 
j 

. I . "  I.-..-..- -..,..,...--._.' .... . 2.-- 

These t e s t s  ind ica te  t h a t  a g r e a t e r  discrepancy i n  sediment concentr;l- 
t ions  obta ins  i n  the colnpa;l-isoil of s m l e r s  thail i n  the comparison of rilethods, 
Approximately the same excess of sediment i s  indica ted  i n  the Omha s a r g l e s  
over the D-43 samyles ~rlien both instruments a r e  operated by the same methods 
a s  when the Omaha was used as c point - in tegra tor  and. the 3-43 as a de;?th- 
Zntegrator, Both the Omaha and I?-43 samplers caught s l i g h t l y  l e s s  scc?irnent 
[rhea uscd as point- integrators than when used a s  depth-integrators,  which i s  
to bc an t i c ipa ted  because of the i n i t i a l  inrush vhich would occur i n  thc 
nethod uscd f o r  point- integrat ion i n  these t e s t s  and because i n  the p o i n t  
method i t  is  probable t h a t  an i n s u f f i c i e n t  proyort ion of the heavier  Load 
nczr the stream bed was obtained. Hovrever, these r e s ~ % i  ts should. not  bc con- 
sidered conclusive on account of the small nmlser of t e s t s  performed and bc- 
cause thc compari sons shov~ed considerable c l i  sl>az-i t y  among t h c ~ s e i v o s ,  

The p a r t i z l  repor t  on cor2perative t e s t s  1 , ~ i  th  the point - in tegra t ing sam- 
p l e r ,  P-43, and the Omaha ro=lar  sa.lpler i ~ c i i c a t e s  the reslil t s  shotm i n  
Table 15, The mean samplixg r a t i o  obtained ii? these t e s t s  i s  s c % s t a n t i a l l y  
ill agreement t r i  t h  tl3at of the rezc la r  Omaha ~ t r i  th res?ec t to the 9-43 sampler 
sholr:: i i ~  2pre't ' ious ta%ulatiorz. I t  i s  s ign i f i~ r7 i l . t~  ~ o ~ J ~ v ~ Y ,  t h a t  the sam- 
p l ing  r a t i o  i n  the P-43 t e s t s  ap;?roaclies u n i t y  a s  the sm,pling depth in-  
creases. I t  appears t h a t  the 2?3psrent charac t e r i  s t i c s  of tile Omaha sampler 
to  catch a g r e a t e r  con cent ratio:^ thon the  i n t e p c t i n g  sa~nplers i s  p a r t i a l l y  
o f f s e t  by i t s  tendency to  l o s e  sediment due to i n i t i a l  in lush ,  which tenc?ency 
increases a s  the sampling dcyth Secornes g rea te r ,  



1 A s  s t a t e d  i n  the Omaha repor t ,  the sampling r a t i o ,  ~maha/l)-43, tends to  
I increase as the sediment concentrat ion i n  tile sampler decreases. The d a t a  
I 
I have been exarnined wid znalyzed t o  f i n d  some p laus ib le  explanation f o r  t h i s  
I f a c t ,  The actv.81 sediment concentr,ztions founci i n  corresponding sitnj3les 

i t3lcen 1:ritli ainy ~ Y I O  sm1plers were p l o t t e d  trith respect  to  each otlier on rec- 

I 
I 
i TABLE 15 
I 

, - . - - . . . . - . . - . . . - . . - . -- -...--'+-----..I-..- ---. ." .---.--.---. 11 -- 
i I >?um$er I Sampling 1 i 

I River I Depth o f i Ratio 
i 

Mea~ 
c C j - . , . . I .  i ~ ~ . m p l e s  I 0rnd1a/~-43 1 

i 
...-..._-.-._-._._-.-_.-.---_-.-._-_..--..,--_--.---_I_.-.--.-. .... . _ .. J=-z--. =._ 17---1=z----:-T 

! f 1 ~ i t t l e  ~ i o m  1, S 7 : 1,18 ! 
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tailgulai! coordinate graphs. These p l o t s  sllowed l i n e a r  r e la t ionsh ips  between 
sediment concentrat ions with c o e f f i c i e n t s  varying from 0.93 to 1.17. Hovr- 
ever,  i n  the majori ty of comparisons, a res idual  discrepancy varying from 
0.15 to  0,90 g r a m  per  l i t e r  vIa,s indicated.  The cor re la t ion  equations deter- 
mined i n  the various corn~~c~~iso i i s  t h a t  were inves t igated  are  shown i n  Table 16 .  

Disregarding the t e s t s  i n  ~,d~ic:i the f l o a t  i n  the 0ma.h.a sarrpler T.ias in- 
ver ted ,  the c o e f f i c i e ~ t  i n  the cor re la t ion  equations f o r  the regu la r  Ornaha 
and D-43 sa~nplers i n  the 194.3 t e s t s  was 1.04 and i n  the 1944 t e s t s ,  1.00, a s  
s h o w  on l i n e s  1 and 4, respect ively ,  i n  T ~ ~ 3 l c  1 6 ,  rrhereas the mean sampling 
r a t i o s  f o r  these s e r i e s  of t e s t s  :rere 1.11 5-,14, respectiveljr. 

The d a t a  f a i l  to y i e l d  any conclusive explanation f o r  the constant  dis- 
crepancy which i s  indica ted  i n  sever21 of these coinparisons, The l abora to ry  
procedure used i n  ,?nal:izing p a r a l l e l  saaples gresumably was cons i s t en t ,  5ut 
the p o s s i b i l i t y  th,qt i t  vras not  siiould not  be overlooked. Eie e f f e c t  of the 
s f o l d  and 5-fo3.d volumes of sai~lple taken z ~ i t h  the Omaha sampler r e l a t i v e  t o  
those taken 1,1ith the I?-43 sampler should a l so  be invest igated,  

An examination of the sedi rne~t  ana lys i s  gra,phs f o r  the 1944 t e s t s  which 
accompanied the repor t  of 29 September ind ica te  tha t  the Omaha saq3ler  i n  
general takes a l a r g e r  proportiol:. of coarse sediment thzn does the I!-43 sam- 
p l e r .  This c h a r a c t e r i s t i c  was given considerable study i n  an a,ttempt to  
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*Float i n  Omaha sanyler  inverted. 

f i n d  an exp1:t:iation f o r  the higher conceiitrntio-n, o3tained i n  the Omaha sam- 
p l e s  t h ~ : ?  i n  the D-43 sanples, Froi-I the s i z e  nns lys is  graphs vas read the 
percentage of sediment i n  ezch sat:.pler f i n e r  t h m  0.02 mn,, a s i z e  ar5i -  
t r a r i l y  chosen, Dy means of t h i s  f a c t o r  the conceatrat ion of sediment i n  
the sm-ple f i n e r  than 0.02 mm. was determined. The r a t i o s  of these con- 
cent re t ions  f o r  the Omaha s a q l e s  i n  respect  to  the corrcsgon6ing D-43 sam- 
p l e s  were then detcrnined f o r  each tos t .  Thc rcsu3ts  a r e  sumrlarizcd i n  
Table 17. 

r~ iaesG conparisons ind ica te  a considerably b e t t e r  agreement i n  sediment 

co~ icen t ra t lo r~s  talcen 5y the va:rious sa';1plers i n  the f r a c t i o n s  u i  t h  p a r t i c l e s  
f i n e r  tom 0.02 am, than i n  the e l i t i re  samy1.e~. Alx3,zrently the Omaha regular  
and mod-ified samplers both catch an excess amount of l a r g e  p a r t i c l e s ,  vhereas 
the nature of the sampling act iol i  would ind ica te  the opposite e f f e c t ,  I n  a 
s e r i e s  of t e s t s  made V I ~  t h  the Omaha and modified samplers ~ r i  t h  the 
f l o a t  normal, inver ted ,  and removed, i t  was found t h a t  co~is iderable  e r r o r  i n  

.... s a ~ q i l i n g  rcsul  t s  i f  the f l o a t  i. s not i n  the cormal posi  t ion,  &veil ~i t h  the 
f l o a t  i n  the normal. p o s i t i o n  some e r ro r  r esu l t ed  i f  the saml2lcr rras 1 ~ 2 f t  sub- 
mcrgod, o r  b r a s  l ioistcd up and. dotm a number of $imes, a f t e r  t11c container 
had beca f i l l e d ,  From these t c s t s ,  i t  might bc suspcctcd tha t  the f l o a t s  



used i n  the Omaha samplers may have f a i l e d  to sea l  the intake and a i r  ex- 
haust  tubes and consequently alloviecl some circulat ion through the f u l l  con- 
ta iners  to take place, Sho113.d t h i s  have been tlie case, i t  i s  obvious tha t  
the Omaha samplers should sh0i.1 greater percentages o f  sediment a s  ~ ~ l l  as  
a la rger  proportion of coarse par t ic les ,  

Samplers 
I Sediments : 1 Number of : Finer T~~~ i T o t a l  i , 

i Comparisons j 0,02 ms Sarrj l e i 

Oaa\a(; iod. ) 13)-43 

1 ~nal~a,/~ilaha(?:od. ) 
, 

i 1 3  I 0.97 
I I 

I 
0,93 

I 
i 

! I 

10 1,04 1 ~mah.a*/ 0maha(; io d. ) ! 1.08 1 
. - - -  - --------- I - . -- - - _- - -- -- -.A - ------. I 
*Eloat inverted i i ~  Omaha sanpler. 

The comments of tile Omaha Di s t r i c t  regarding thc operation of the D-43 
sanpler a re  generally favorable excep t tha t  the head catches bccamc vorn and 
too loose to clar.ip tho head t ight ly ,  In  c c r t a i ~ i  instzinces i t  ?]as found. that  
a sarn9lcr lighter than 50 pounds v~ould have been more convenient to opcrate 
and en t i r e ly  sci tablc  f o r  mild strezm conditions while i n  other ins ta lces  a 
heavier smplcr  would have been more satisfz.ctory. 

The Omaha report  si;ates tha t  a l a rger  sanple container v10ul.d be desirable 
vhen size gradations a r e  to be determined and the sediment concentration i s  
low, However, i n  general, a one-pint sarple uas found t o  be suf f ic ien t  both 
f o r  deter;.lination of concentrations a%d size  gradation ol" par t ic les ,  To fa- 
c i l i t a t e  handling mountiilg tlie smpler  on the ho is t iag  cable, tlie stanci- 
a rd  current meter hanger bar for  which the sampler vras adapted h m  been re- 
placed by a special ly  constructed s t r q  han2;er bar with a s p l i t  figure-8 l i n k  
fo r  attaching the susgension ca51.~ and a l/2-inch round s tec l  gr ipc 

14. F i e ld  t e s t s  by the U. S. Engineer Office, Buffalo, iTew York--During 
the periocl Ap-il. to Septciber 1944, the Cleveland Suboffice of thc Buf fa lo  
D i s t r i c t  i ~ v e s t i g a t e d  sedimentatioii problems i n  the lake l-rarbor at the mouth 
of the Cuya!ioga River to de tcrminc tlic feasi 'oili ty  of providing de-sil t ing 
basias t o  eliminate the necessity of annual dredging to naiata in  navigab1.c 



depths, A US E-43 sampler was used i n  taking suspended sediment samples a t  
txro s ta t ions  i z l  the Cuyalioga River, Short repor ts  on the experiences o f  
the Buffalo D i s t r i c t  i n  the use o f  the sampler were submitted 12  May and 
14 September 1944 which appear i n  Apendix  MJ%, 

Inasmuch as. no o t i e r  suspended sediment sampler b i a s  used i n  these t e s t s ,  
the sediment dzta  obtained would have no vcviue i n  determining the r e l a t i v e  
sampling characteristics of the P.43 sampler, and consequently no t e s t  da ta  
werc submi t t cd  r r i  th  the r t po r t s ,  Hovrcvcr, tho reyor ts  s t a t e  t hz t  the D-43 
samplor iras f o ~ m d  very ~n t i s f rc~c tory  under all  condi t io l~s  sncountercd, i\To 
d i f f i c u l t i e s  Irere e ~ ~ ~ i c i l c c d  i n  i t s  operation even i n  vc ioc l t i c s  a s  high as  
5,6 f t ,  pe r  scc. Incsm~cil n s  the sediment load was vcry l i s h t ,  sovcral s 3 ~ -  
p l e s  had t o  bc tdrcq and combinod i n  order t o  providc sufficient sediment 
f o r  a rcasoiiably acnuratc analys is ,  Corfipositc samples of about 1 ~ ~ l 7 . o n  
wcrc taken at cncI2 obscrv>.ti.sli, A l  together,  30 sLmplcs v~crc tc.cl-:en d u ~ i a g  the 
season. 



15. Summ,a.ry of t e s t  results--Pursuant to the v~ishes  end i n s t r u c t i o n s  
of the Iziterdepertmentd Commit t ee  on sediment sm-pling methods and- equip- 
ment, t en  dop th-integrat ing sc~nplers,  designated US 1)-43 sediment sampler, 
vere d i s t r i b u t e d  i n  Nt!y 1943 to  f i e l d  o f f i c e s  of the cool7erating c.gencies to  
be testee! under p r a c t i c a l  field. condit ions to determine t h c i r  u t i l i t y  and t o  
obta in  su f f i c ien t  t e s t  da ta  to correlr;7.te t h c i r  sanpliilg c h a r a c t e r i s t i c s  and 
accuracy v i t h  those of o ther  t y i ~ s  of samplers i n  cur ren t  use, The point- 
in tegra t ing  sampler, YS P-43 sediment s e ~ 3 1 e r ,  was made ava i l ab le  f o r  60-dzy 
periods to  f i e l d  o f f i c e s  of the ageacies dcs i r ing  t o  make s imi lar  t e s t s  with 
i t ,  Thc US P-43 ,ad D-43 ssnplers  a r e  i l l u s t r a t e d  i n  the f r o ~ z t i s p i e c e  and 
d e t a i l s  of the s m p l e r s  a re  sl?o:.rn i n  Figs, 6 and '7, Reports hmc beell sub- 

nx' o r  m i  t t c d  by t h i r t e e n  f i e l d  o f f i c c s  discussing t e s t s  performed oil citiz, 
both of these samnplers and comparable t e s t s  on other  ex tan t  samplers, The 
f i e l d  r e p o r t s ,  and t e s t  da ta  included, have been analyzed i n  t h i s  r e g o r t o  
The rela,tiyre s a ~ p l i n g  c h a r a c t e r i s t i c s  of  samplers compared, as ind ica ted  by 
the t e s t  da ta ,  m d  the priucip3.l c r i t i c i s m s  of the  US sclmplers brought o u t  
i i z  the f i e l d  repor t s  a r e  sxnmarized i i ~  the  follot>:ing paragraphs. 

The f i c l d  t e s t  d a t a  obt8,ined with t h e  various scdirficilt stmpl.ers reveal  
coasfderable d i s p s r i t y  i n  the sediment concentrat ions found i n  samples col- 
l e c t e d  v i t h  d i f f e r e n t  s a r p l e r s  at 'die s a l e  sampling sec t ion  o r  - ~ o i n t ,  This 
d i s p a r i t y  coon be a t t r i b u t e d  i n  p a r t  to  the f a c t  t h a t  the  samplers being com- 
pared vere oj2erated by d i f  ferel i t  sanpling methods, and, consequently, tlie 
r e s u l t s  do not r e f l e c t  the  e f f e c t  of the  sa ip l ing  a c t i o n  i d l e r e n t  i.n the  
individual  sol?rple;-s. The r e l a t i v e  sampling c h a r a c t e r i s t i c s  of m y  p a i r  of 
samplers can be determined froin comparative t e s t s  only i f  the sa1ples a r e  
co l l ec ted  by i d e n t i c a l  samyling nethods. I n  many ins tances ,  suppl emer~tary 
informwtion and d a t a  on the  s t r e , ~  depths, v e l o c i t i e s ,  ail4 s~~?? lp l ing  inter- 
v a l s  dzich would have aideci ma te r i a l ly  i n  compering the samplers trere not  
ava i l ah lee  Hor:rever, on the bas i s  of the d a t a  rsnd information submitted v i t h  
the  repor t s ,  smpli iIg r n t i o s  have 'oeen determined f o s  the various sonplers  
t e s t e d  wi.tli respect  to the 0-43 and P-43 scmplers, In  some inst,znces, these 
sampling r a t i o s  ind ica te  the composi t e  e f f e c t  o f  d i f  ferci l t  s a ~ p l i n g  ac t ions  
a i d  differelzt sampling methods a s  has been pointed out  i n  the  d iscuss ions  of 
tile respective f i e l d  reports .  The various sampling r a t i o s  obtained i n  the  
co3npcrctive t e s t s  a r e  summarized i n  Table 18, 

Iiz nany of these comparisons, the discrepzncies a r e  not ser ious ,  How- 
ever,  the majori ty of t e s t s  Irere ~.;s,d-e under stream condit ions conducive t o  
~i iz imizing the e f f e c t s  of f a x l t y  sanvler  ac t ion  and improper sullpling method, 
suc!~ as r e l c t i v e l y  shal lou depths,  noder rate v e l o c i t i e s ,  f i n e l y  divided sedi- 
ments, and uniform v e r t i c a l  d i s t r i b u t i o n  of both v e l o c i t y  and sediment con- 
centrat ion,  Under these condit ions,  i n b k e  ve loc i ty ,  s t r e a a l i n i n z  of s a m ~ l e r ,  
and samnLing procedure, based on theore t i ca l  23rinciples a s  obtained i n  the 
design 8nd mcthocls prescr ibed f o r  the D-43 and P-43 sariplers, become re la-  
t i v e l y  i n s i g n i f i c e n t  f ac to r s .  But they assrtr .~~ more and more ir~porta,nce a s  
the physical  character i  s t i e s  of the stream dc-$art from these  favorable sam- 
p l i n g  conditiolzs, For ins tance ,  i n  the  cor.qarisous of the Texas sa3ple-s and 
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US D-43 i n  the Tulsa 3ngineer D i s t r i c t  vrliere strezrn ve loc i t ies  xnd sediment 
concentratioiis vere r e l a t i ve ly  low, t'ne mean. snmpliiig r a t i o  rras 1.04, whereas 
i n  one of s e r i e s  of t e s t s  made i n  the Albuquerque Eigiiieer D i s t r i c t  u i t h  tlie 
same s a ~ q l e r s  and ident ical  sampling methods, but with higher strean veloci- 
t i e s ,  coarser sediment, and greater concentrations, the srznpling r a t i o  vms 
0,48. In view of the fttct t ha t ,  i n  general, the groator proportioil of 'cne 
suspended sediment load i n  any stream i$ transported during periods uhcn 
stream coiidi t ions  arc adverse to accurate sampling, i t  b.rould seen advisnblc 
t o  discard a11 methods and equipment of doubtful accuracy i n  fc.vor of those 
which under a l l  condi t ions woulCi f a c i l i  tn te  the measurcmcnt of susycndcd. 
scdl.meiit locds m d  cnhancc the accurncy of the da ta  obtained. 

The f i e l d  t e s t s  indicate  that  the US D-43 sampler i s  a prac t ica l  in- 
s t r u ~ e n t  f o r  the col lect ion of dei~th-integrated samj~les i n  streams of m-esage 
d~pt!i aiid veloci t ies ,  As evidence that  t h i s  s~~npl -e r  i s  being acceyted fav- 
or~.'oly by the agencies mid f i e l d  of f ices  i t  i s  knotm tha t  sixteen duylf cates 
of the present model have been constructed and that  oiie other i ' isld of f ice  
proposes t o  col?struct several i n  the noar future.  R?rthcrmore, several 
field off ices  have modified exis t ing smnplcrs so as  to  approximate tho sam- 
pl ing cliaractcrist ics of thc D-43, In  some instances,  tile depths a~iB vc- 
l oc i  t i e s  encou~tcred  trcre bcyonl! the sanpling range of thc US 3-43 samplcr 
v i th  the standard hcad. Undcr thosc conditions, the ~ ~ 1 q 1 1 c r  should. be 
cqyippcd t r i  t?? the auxi l - iar ;~ hcad and bottom closing dovico arhi ch pcrni t s 
szmpling to  tvricc the depth by saL1pling oil thc dorfl~t~ard t r i p  only. 

The need f o r  a saml7ler areigliing about 100 13s. equipned with the am- 
i l i a r y  head and bottom closing device was indicatecl by several of the f i e l d  
offices.  Ele iilbuquerq~e Engineer D i s t r i c t  suggested that  tlie sampler be 
redesigned so tha t  i t  call be used also a s  a s t rean gaging ~ ~ e i g l i t ,  t!ius per- 
ni t t i i ig  samples to  be collected witilout removirag the currcnt meter. Such a 
sitr~plcr would f a c i l i t a t e  tlie deterinination of strcap.1 ve loc i t ies  a id  C O ~ ~ C C -  

t ion of sar.iplcs i n  streams subject to  rapidly changing stages, The ncod 
f o r  a hand sampler fo r  use i i i  small or  shalloar strea~ns rias emphasized by 
the Tulsa aid Albuquerque Engineer Dis t r ic ts ,  

Tests .;rere ma6e on tile point-integrating sampler TJS P-43 by f i v e  f i e l d  
agencies. The design of t h i s  instrument was more i n t r f  cate than tha t  of the 
2-43 and i t s  deveiopment was prematnrely suspended, Consequently, numerous 
improvements i n  design were suggested, and obviously marly of them aye needed. 
Ylie more important improvements :ilzich were suggested iilclude conversion of 
the valve mechanisa from drop-weight operation to e l ec t r i ca l  operation, 
adoption of a one-yint milk bo t t le  ~ o n t e ~ i n e r ,  increased ~a~eiglit with ic~proved 
body stseamlinilig, and mociificatioi? of the iat:Gce nozzle to prevent deposi- 
t ion o f  sedimeat therein while the va,l.ve i s  closed, 

The f i e l d  t e s t s  indicated that ,  within the scope of the present model, 
the nechailical perfornaace of the US P-43 sanpler i s  sa t isfactory and the 
ii?t&e veloci ty  very c losely z~pgroxinatea the stream veloci tg ,  signifying 
correc t sarnyling action, Several f i e l d  agencies observed a def in i te  ilecd 
f ol- t h i s  t3733c of s~fxpler ,  and sugges tcd ji t s  development 1:~it;1 tlic pronosed 
imp?ovcments, The P-43 sanplcT can be used e i the r  a s  a point-integrator or 



a s  a desth-integrator. Elovrever, i n  view of the wide var ie ty  of conditions 
encountered i n  prac t ica l  sediment sampling, i t  i s  apparent tha t  the D-43 xnd 
P-43 samplers have the i r  respective f i e l d s  of application and the e i ~ d  can be 
achieved most s a t i s f ac to r i l y  i f  the more suita.ble of the t~ ro  i s  available 
when and trinere i t  i s  needed, One Xngineer Dis t r ic t  Office considers the 
P-43 sampler more suitable than the D-43 f o r  the sampling cond-itions i n  that  
area  and proposes to construct a duplicate of the present model, 

I n  sone instances, i t  aras indicated that  the s ta t ion  equipment used i n  
xaking stream dischaxge meas~remei~ts i s  not en t i re ly  sa t i s fac tory  f o r  use 
i n  col lect ing dai ly  sedirnent samples, I t  i s  believed, however, that  the 

I eqv~ipmeiit available at most of the present stream gaging s ta t ions  can be 
I readily adapted to s u i t  both needs. 
I 

The col lect ion of' sediment sain~les  i n  some s t r eam during floocl periods 
was fouiid to be d i f f i c n l t  aild at times i t  was impossible to obtain satisfac- 
tory s ? z I ~ ~ ~ s ,  In  t h i s  connection, i t  should be remembered that  problems 
re la t ing  to  the collectioil of sn:?>les during lxxiocls of flood florr are ,  i n  
general, c losely rc la ted  t o  those e i l c o ~ l t ~ r c d  i n  the rneasurcaent of discliarge, 
Usually, when i t  i s  d i f f i c n l t  to  mdse accurate di schagc  measurcmcnts, i t  
w i l l  be found d i f f i cu l t  also to  co l lec t  accurate sediment smplcs ,  The ac- 
curacy obtained i n  tile dcte:mj.na,tion of sediment locds  i s ,  of course, d-e- 
pendciit upan thc accuracy of the sediment samples collcctcd 8zid the ncasurc- 
mcnt of the re la ted water discharge, Therefore, aiiy a t tenpt  to obtain 
greater accuracy ir sediment sa,r?.pling than i s  possible i n  discharge measure- 
ments under correspond-ing conditions i s  not jus t i f ied,  

16. ,Pecon;nendations--The reports subnitted by f i e l d  of f ices  of the co- 
operating agencies on t e s t s  nnde vr i  t h  the US 33-43 and P-43 sanplers suggested 
a nuriber of ir-iprovenents i n  the design of the present sarrrplers and recol?- 
mended developient of addit ional sanpling eq~ipnent .  These suggestions and 
recor-IT-lendations a r e  recapitulated f o r  consideradtion by the Connittee a s  fol-  
lovrs: 

a. The I)-43 sarpler constructed for  f i o l d  t e s t  purposes, while - 
adequate for  streams of average depths and ve loc i t ies ,  i s  not sui table  
f o r  use i n  sna l l ,  shallow streans or i n  la rge ,  deep r ivers ,  Al tmnatc  
sar-~plers rcconiendcd f o r  the nore extrexc s a q l i n g  conditions a r c  de- 
scribed b r i e f ly  a s  foLlo~:rs: 

(1) A wading smplcr  fo r  hand operation i n  sna l l ,  shallot, 
streans. 

( 2 )  A heavier llodel of the IL-43 s a ~ p l c r  vrcighing bettrcen '75 
and 125 pounds with 8x1 auxilinry head aild more posi t ive  catches 
f o r  use i n  streams t.6 t h  depths an2 ve loc i t ies  beyond the range of 
the present t e s t  nodels, 

(3) A du?,l purpose srzm13ler fo r  use i n  strecams subject to 
ragicily r i s ing  o r  f;>,lling stages uhere consecutive col lect ion of 



scmples and determination of stream ve loc i t ies  are required, The 
ra t ing for  the current meter would be obtained i n  the usual manner, 

b. The P-43 sampler used i n  the f i e l d  t e s t s  tlras the second ex- - 
perimental model. As anticipated,  a number of improvements i n  design 
were rocommeiided, the more important of ~ ~ h i c h  a re  the f ollov~ing: 

(I) Elec t r i c a l  operation of the valve t r ipping mechanism. 

2 )  Ifeight of sampler increased to a t  l e a s t  75 pounds with 
iinproved streamlining, 

(5) Adaptation of the sampler t o  the use of one-piiit milk 
bo t t le  sample containers, 

(4) One f i e l d  report  suggested that  the P-43 intake be modi- 
f i e d  to  prevent deposition of sediment I n  the nozzle 1;~hile the 
s~mpler  i s  submerged and the valve i s  closed. However, since the 
valve mecha~iism oil t n i s  sampler i s  quite i n t r i c a t e ,  i t s  general 
redesign to eliminate t h i s  objection should be contingent upon a 
quantitat ive determination of the degree of e r ror  due to t h i s  
source. 

A sat isfactory sampler of the P-43 type, vrliich can be used to COLT 
l e c t  e i ther  depth- o r  point-integrated samples i n  large or small s t reams,  
i s  needod especially f o r  dcternining sedime:it loads i n  s t r e m s  h2ving 
depths and ve loc i t ies  rrhich a-re beyond the railge of the %)-43 sampler, 
f o r  studying the mooement of sediment through reservoirs and lakes ,  and 
f o r  deternining the d i s t r ibu t ion  of f l uv ia l  scdimcat concentration and 
grain  s ize  v i  th respect to depth, 

In  addition to the specif ic  reconmendations enumerated above, the f i e l d  
reports indicate by inference, i f  not by d i rec t  statement, also the fol loving 
propositions: 

a. In  view of the l i r i~ i ted  scope of the co,mparative f i e l d  t e s t s  
made yo date on the D-43, P-43, znd other samplers i n  current use,  i t  
appears desirable that the f i e l d  t e s t s  be continued so a s  t o  cover the 
widest possible range of sampling conditions. Preferably, the t e s t s  
should be conducted wit2 close collaboratioa of t l i e ~ f i e l d  and design 
personnel. Field off ices  u-siiig sainplers slid saripling metllods vhich 
nov appear of dubious accuracy should prosecute comparative t e s t s  u n t i l  
the points  i n  question have been s e t t l e d  t o  the i r  complete s a t i s f ac t ion  
aid correlation coeff ic ients  have been determined i f  possible. Eeports 
covering these t e s t s  and the analyses of the r e su l t s  should be cori~piled 
and dis t r ibuted per iodical ly  to those interested i n  f a c i l i t a t i a g  methods 
and improving the accuracy of sampling. 

b. The understanding of sediment problems would be enhanced 
materTally i f  the f i e l d  personnel of the various agencies rrere provided 
opportunities to discuss nu-tuallg the various methods of determining 
sediment loads and the laboratory proced-ures used i n  an21yziag samples. 



Such conferences i~rould be p ro f i  table expecially t o  la73oratory personnel, 
i n  viev of the fac t  that  the bottorn rrithdratral tube method oS s ize  
analysis recently developed under t'ne cooperative project  has been 
given laboratory t e s t s  i n  several f i e l d  off ices  and found to  be a de- 
cided improvement over other methods. This method was used by at l e a s t  
two f i e l d  off ices  i n  the of seairnent samples, the resu-lts of 
which were suhmi t ted ~:?i th  reports  found i n  the accompanying appendices. 
In t h i s  connection, i t  appears desirable that  a joint  report  on experi- 
ences o f  the various laboratory persoilnel i n  the use of the bottom with- 
drawal tube 1~1ou1d be a valua'ole contribv.tion t o  personnel engaged i n  any 
phase of f lxv ia l  sediment saiiipling, 

c. I f  the present ixlterest i n  adoptilig the US D-43 and P-43 sam- - 
piers a s  sta~idard sampling equ.ipment c o n t i ~ u e s ,  and the construction of 
the ilew sazqling equipment i s  assigned to various firms throughout the 
comtry ,  i t  would be desirable to  have each new model tes ted  i n  a hy- 
draulic laboTa,tsry flume i n  order t o  maintain some degyee o f  standardi- 
zation mid control over the nose i n p o r t a t  design features. The poise 
of each saipler  when s~bmcrged sad the intake charactori s t i c s  uiidcr 
laboratory conditions par t icu la r ly  should be chccked. 
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